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ABSTRACT

Nucleate pool boiling is an essential part of the vast cooling systems today’s
combatant ship combat systems are dependent upon. Understanding the mechanisms
that influence heat transfer in tube bundles in a liquid pool is the stepping stone for
improving these cooling systems. This thesis attempts to bridge the gap between single
tube performance and bundle performance by studying the effect of a lower heated tube
on the heat transfer from an upper tube in a simple’ two tube bundle. This study con-
cludes that a nucleating lower tube (regardless of the spacings tested between tubes) hds
a significant positive (i.e. improvement of heat transfer) influence an upon upper tube.
This is especially evident for a smooth tube where any hysteresis effects are completely
eliminated when the lower tube nucleates at a heat flux of 10 A#/m? or greater. Fur-
thermore, the only influence for the pitch-to-diameter ratios tested was at the highest
heat fluxes for the smooth tubes where a p/d of 1.8 was found to give the maximum heat
transfer. No such maximum was obtained for the enhanced tubes.
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NOMENCLATURE

Note that properties and measured parameters of the lower (auxiliary) tube are dif-
ferentiated from the upper tube with A added to that property or parameter (i.e. ACp
is the specific héat of the lower (auxiliary) tube). Though this may cause confusion with
area dimensions, this nomenclature is preserved because it is used within programs
SETUP72 ( appendix C) and DRP72 (appendix D). Note also that like tubes were used
in upper and lower positions such that spatia! dimensions are the same and are not dif-

ferentiated between tubes.

A
Ab
Ac

Als

Ak
kc

Lu

area
tube outside surface area of active boiling section

cross sectional area of the tube

specific heat

specific heat of lower (auxiliary) tube

diameter

tube inside diameter

tube outside diameter

diameter of the position of the thermocouple

outer diameter of the boiling tube

gravitational acceleration

heat transfer coefficient

heat transfer coeflicient of lower tube

current

current for lower tube

output voltage of AC current sensor

output voltage of AC current sensor for lower tube
thermal conductivity of liquid

thermal conductivity of liquid associated with lower tube
thermal conductivity of copper

active boiling tube length

non-boiling tube length




Nu

Pr
APr

AQ
Qf
AQf
Qh
AQh
Aq”
Ra

Tavg
ATavg

Te

Tf
ATE
Tn
Tsat
Two
ATwo

Nusselt number

tube outside wall perimeter

Prandtl number

Prandti number associated with lower tube

heat transfer rate from boiling surface

heat transfer rate from boiling surface of lower tube
heat transfer rate through one non-boiling end

heat transfer rate through one non-boiling end of lower tube
heat transfer rate from cartridge heater

heat transfer rate from lower tube cartridge heater
heat flux

heat flux from lower tube

Rayleigh number

temperature _

average wall temperature dt the thermocouple location

average wall temperature at the thermocouple location for
the lower tube

critical temperature

film temperature

film temperature of fluid associated with lower tube
temperature of the thermocouple location

saturation temperature

outer wall temperature of the boiling test tube

outer wall temperature of the lower tube

voltage across the cartridge heater

voltage across the cartridge hecater for the lower tube
voltage output by AC-DC truec RMS converter
voltage output by AC-DC true RMS converter for lower tube
thermal diffusivity

thermal diffusivity associated with lower tube
volumetric thermal expansion coefTicient

volumetric thermal expansion coefTicient. associated with
lower tube

xi




uncertainty in measurement and calibration
superheat

superheat associated with lower tube

dynamic viscosity

dynamic viscosity associated with lower tube
kinematic viscosity

kinematic viscosity associated with lower tube
density

density associated with lower tube




I. INTRODUCTION

As thc; United States continues to struggle with the dilemma of increasing require-
ments for CFC’s, while at the same time joining the world in concern over ozone de-
pletion, the exigency of finding replacements for the Navy’'s high ozone depletion
potential fluids is of the highest order. The urgency of this search was made more
pressing by the reduction of the time allowed (ordered by President Bush) to meet
Montreal Protocol deadlines to purge use of CFC refrigerants. A particularly damaging
fluid is R-114, used primarily in centrifugal chilled-water air-conditioning plants onboard
ships. In order to best determine a short term or “drop in” replacement, data of R-114
nucleate pool boiling characteristics is required for comparison. The literature provides
many studies of single tubes in nucleate pool boiling; however, studies of multiple tubes
are more scarce. Most studies of multiple tubes with varied tube spacings were con-
ducted in a2 manner to simulate a bundle, i.e. all tubes in the pool were studied with the
same applied heat flux. There is little work in the literature on the effect of a lower
heated tube on the heat transfer from an upper tube (i.e. a simple bundle) and none with
R-114. This type of data would begin to bridge the gap between single tube nucleate
pool boiling and bundle effects, and would complement the search for a suitable re-
placement for R-114.

To increase the available data for comparison with possible replacement refrigerants,
and to further investigate the effect of tube spacing, the following objectives of this thesis
were established: ‘

1. Modify the existing single tube pool boiling apparatus to accommodate a simple
two tube bundle, including program modifications to facilitate instrumenting the
second tube.

2. Operate the apparatus to prove repeatability with single tube data.
3. Obtain convection and boiling data over several tube pitches and heat flux settings
for both a smooth tube and an enhanced tube.

Of particular note is that this study was designed as a follow up to the single tube
work of Sugiyama [Ref. 1}. The format of this study, including the correlations and
programs used, are adaptations from Sugiyama’s work in order to make the results di-
rectly comparable.




II. MECHANISMS

A. SINGLE TUBE BEHAVIOR

Experimental heat transfer behavior has been fairly well predicted from single
smooth cylindrical tubes in an infinite pool for the natural convection region "y
Churchill and Chu [Ref. 2] and Churhchill and Usagi [Ref. 3] and, to a lessor degree, 'or
the boiling region by Rohsenow [Ref. 4] and Stephan and Abdelsalam [Ref. 5]. Single
enhanced tubes have also been widely studied with nucleate pool boiling enhancements
ranging up to 15 times the performance of smooth tubes. The largest enhancements
have been obtained for re-entrant cavity surfaces as reported by Yilmaz and Westwater
[Ref. 6], Marto and Lepere [Ref. 7], and Wanniarachchi er al.[Refs. 8, 9]. In these
studies, enhancements were largely attributable to increased surface area in the con-
vection regime, and to stable vapor sites (i.e. vapor trapped in re-entrant cavities), which
provided a high density of active nucleation sites at relatively low values of wall super-
heat in the boilixig reginie. However, to date, no comprehensive model or correlation
has been presented which can predict such enhancements (Thome addresses this in dis-
cussion of nucleate pool boiling correlations [Ref. 10]).

B. MULTIPLE TUBE BEHAVIOR

The behavior of a particular tube in a multiple tube environment will be greatly in-
fluenced by its neighboring tubes. In both the natural convection and nucleate boiling
regimes, fluid heated by a lower tube will rise due to buoyant forces, and an upper tube
will tend to be affected, specifically by the heated liquid plume in the convection regime
and by the bubble plume in the boiling regime. Also in a bundle the lower tubes may
impart a “drag’ on the fluid as it traverses the bundle affecting the fluid reaching an up-
per tube. The lower tube, because it is not impacted by a similar plume, can be assumed
to behave as a single tube in a pool. However, if a bundle is in a confined pool, it may
be the case that strong recirculation patterns causc an uppcr tube, in turn, to allcct the
heat transfer behavior from a lower tube.

The effect of a lower tube on an upper tube has been studied by Sparrow and
Niethammer [Ref. 11] and Marsters [Ref. 12] in the convection region (using air), and
by Fujita er al. [Ref. 13] and by Hahne, Qiu-Rong and Windisch [Ref. 14] in the
nuclcate boiling region (using refrigerants). These effects are primarily the result of two
contradictory in(luences, incicased fluid velocity in the convection or boiling bubblc




plume and increased fluid temperature. In the natural convection region, fluid heated
by the lower tube will have a velocity due to buoyant forces when it arrives at the upper
tube. In effect the upper tube is no longer in a true natural convection regime but is
beginning to experience some forced convection (i.e. mixed convection), thus increasing
its heat transfer coefficient. At the same time the heat from the lower tube that causes
this buoyant plume to rise has inr:eased the temperature of that fluid within the plume,
thereby decreasing the terapeiature difference petween the upper tube and the fluid and
decreasing the heat transfer canaoility. Two of the parameters affecting the strength of
these influences are tube separation and the heat flux setting of the lower tube. The
temperature of the fluid within the buoyant plume arriving at the top tube will be slightly
lower than its temperature when it left the lower tube due to convection to the sur-
rounding fluid. This drop in temperature will tend to increase with increasing tube sep-
aration, thereby increasing the AT between the upper tube and plume. This implies that
the upper tube’s heat transfer capability at large pitch may be expected to improve over
that at small pitch. In addition, with Sugiyama’s [Ref. 1] single tube work, convection
plumes were turbulent (Grashof numbers were greater than 10°), implying that plume
velocity will not change with tube separation. However in reality at high enough
Grashof numbers, the formation of eddies and other currents in the pool wouid tend to
cause a decrease in the plume fluid velocity at the upper tube and thereby a decrease in
the heat transfer coefficient over that of a smaller pitch. The-= two effects, increasing
AT with increasing pitch and decreasing heat transfer coefficient at large pitch suggest
that an optimum pitch is possible. These influences are confirmed by Sparrow and
Niethammer's work with air [Ref. 11] and by Marsters [Ref. 12] with air, for which they
found a dependence on the x-based Grashof number (based on the position of the tubes)
for the heat transfer from the upper tube. _

In the nucleate boiling regime, the above two effects are also important. The fluid
entrained in the bubble plume from the lower tube (and the bubbles themselves) impinge
upon the upper tube at a much higher velocity than with a convection plume (due to
greater buoyant forces associated with the bubbles). This greater velocity of the plume
and the bubbles would have the same influence as in convection above and may be suf-
ficient to strip the thermal boundary layer from the upper tube, thereby lowering heat
transfer resistance and increasing the heat transfer coefficient. Enhancements duc to the
impingement of plume and bubbles is most significant at lower heat fluxes when active
nucleation site density on the upper tube is low. This provides morc ‘contact” arca be-
tween the upper tube and the rising fluid/bubble mixture. As flux is increased on the




upper tube, the active nucleation site density also increases. At high heat fluxes, boiling
is so vigorous that the rising fluid is prevented from gaining any appreciable ‘contact’
with the upper tube. Heat transfer coefficients may then be expected to increase with
increasing tube spacing (as in the convection regime) with a possible optimum. How-
ever, enhancement due to the lower tube may be expected to decrease when high heat
fluxes are applied to the upper tube. The trends of these influences were verified by
Fujita er al. [Ref. 13 ] and Hahne er al. [Ref. 14].

An additional influence in the boiling regime may be the effect of seedmg from the
lower tube when it is boiling. At low and medium heat fluxes on the upper tube (active
nucleation site densiiy is low), vapor bubbles from the lower tube may impinge and in-
fluence enter an inactive cavity on the bottom half of the upper tube. This may prompt
an otherwise inactive site to become active earlier than it would have done for a single
tube. This influence would also be more effective at low fluxes (low site density) on the
upper tube. At higher fluxes, the number of active sites is higher and the probability of
an added site becoming active due to this seeding process is significantly lower.




III. DESCRIPTION OF EXPERIMENTAL APPARATUS

A. GENERAL DESCRIPTION

The apparatus used is an adaptation of the apparatus used by Karasabun [Ref. 14:
pp 24-41], Reilly [Ref. 15 : pp. 30-44], and Sugiyama [Ref. 1: pp. 8-32] in previous studies
of pool boiling of R-114/0il mixtures from single tubes. Karasabun provides complete
details of the original configuration of the apparatus. The current apparatus was es-
sentially that used by Sugiyama for single tubes with modifications made to accommo-
date two tubes in the evaporator. Additionally, the original R-12 cooling system was
operated in conjunction with a R-502 system to increase cooling capacity for the in-
creased heat load of two tube operation. An additional smooth and high flux tube were
manufactured in order that both a smooth and an enhanced tube set could be studied
in the two tube configuration. The unused auxiliary variac power supply was employed
as the power supply for the second tube. A two tube data reduction program DRP72
was developed by adapting Sugiyama'’s single tube data reduction program DRP7.

The apparatus is labeled on a general schematic in Figure 1 and consists essentially
of seven components:

1. An evaporator, a boiling vessel assembled using a Pyrex-glass tce with
aluminumy/teflon endplates.

2. A condenser, assembled using a similar Pyrex-glass tee with aluminum endplates.
3. A reservoir for R-114 liquid storage.

4. A cooling subsystem composed of an 1/2 ton R-502 and a 1/4 ton R-12 refriger-
ation plant, a 30 gallon water/ethylene glycol sump, and two positive displacement
pumps.

5. A vacuum pump.

6. A data acquisition and instrumentation system.

7. An aluminum framework with plexiglass siding within which components 1-3 wcre
houscd. )

The apparatus was designed for reflux operation. Vapor generated in the evaporator
followed a path through an aluminum L-shaped pipe to the condenser. R-l14
condensate then returned to the evaporator via copper tubing by gravity. The
water/cthvlenc glycol sump of the cooling subsystem was maintained between -10 and
-17 °C. This was accomplished using two separate cooling schemes. The R-502 refrig-

eration plant cooled the mixture via-a counter current heat exchanger through which the
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water ethyvlene glycol mixture was circulated by an 8-gpm turbine-type pump. The R-12
refrigeration plant cooled via an evaporator, constructed of coiled copper tubing, located
directly within the sump. The second 8-gpm turbine-type pump circulated the mixture
from the sump through copper condensing coils within the condenser via a control valve
(VC, see Figure 1), and then returned to the sump.

An alternate mode of operation was used to evacuate the boiler to facilitate tube
change out. R-114 was boiled off from the evaporator and condensed as before, but in
this case R-114 condensate was directed to the reservoir (by changing certain valves),
instcad of returning to the evaporator. Once tube changeout was completed the
evaporator was simply refilled from the reservoir by gravity.

This study was devoted to pure R-114. In order to ensure that no oil could intrude
into the system, the oil path between the oil reservoir and the evaporator (used for
R-114/0il mixture tests) was removed and the access to the evaporator plugged. The
major components of the oil subsystem (reservoir and graduated cylinder) were left in-
tact for use in future studies.

B. BOILING TEST SECTION
1. Evaporator -

The evaporator consisted of a Corning Pyrex-glass tee (3 in. nominal interior
diameter) with aluminum endplates. The endplates were coupled to the glass tce by
Corning cast iron removable flanges. The glass vessel was mounted horizontally with
the side-arm of the tee vertical. The major modification in adapting the apparatus from
a single tube to two tubes was to the evaporator endplates. New endplates were manu-
factured with thermocouple and liquid fill/return penetrations moved to the periphery
and a three inch hole centered on the axis of the evaporator. Teflon inserts were man-
ufactured to fit tightly into this hole with varied spacings for the two test tubes. Though
the teflon endplates could be rotated to accommodate a variety of tube geometries, only
vertical spacing was addressed in this study ( i.e. one tube vertically below the other).
The addition of anothcr tube to the evaporator also required the liquid level to be raised.
The new liquid level was only 10 mm from the top of the Pyrex glass tee and 10 mm
above the top of the upper tube (note that for all spacings the upper tube was fixed in
position relative to the evaporator and the lower tube was varied). This severcly reduced
the vapor path between the liquid surface and the top of the evaporator to the exit tee.
A comparison of the modified and previous apparatus liquid levels, tube positions and
fittings is shown in Figure 2.
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Pyrex-glass was used for both the evaporator and condenser due to its greater
strength compared to ordinary glass. It was necessary for the apparatus to withstand
pressure differences (between apparatus interior and atmospheric)of up to 20 psig due
to possible R-114 vapor pressures at high room temperatures during summer months.
In addition, a glass vessel provided several other advantages over a metal one:

e The transparent vessel allowed easy visual observation and videotaping of the
boiling phenomena occurring inside.

¢ The smooth interior surface minimized any nucleate boiling at this inner surface.

A relief valve (set at 20 psig) was mounted in the aluminum piping between the
evaporator and condenser to prevent the safe working pressure (30 psig) of the Pyrex
glass tee from being exceeded. A sketch of the glass tee and the cast iron flanges is
shown in Figure' 3. A sketch of an endplate and a teflon block insert is shown in
Figure 4.

2. Test Tubes

A general schematic of the tubes is shown in Figure 5. The tubes protruded
through (and were supported by) the teflon inserts in the endplates of the evaporator.
The teflon inserts were sealed by viton O-rings, two O-rings between the teflon inserts
and each tube, and one O-ring between the insert and the aluminum endplate.

Two types of tube were used, a smooth hard-copper tube and a High Flux
porous-coated tube. The tubes were heated via a stainless steel, 240-volt, 1000-watt
(nominal), Watlow Firérod cartridge heater, 6.35 mm in outer diameter, 203.2 mm in
actual length with an actual heated length of 190 mm. The heater was tightly inserted
into a copper sleeve, which functioned as 2 mounting device for the thermocouples. The
sleeve was then inserted in the tube. Both the heater and the sleeve were tinned with soft
solder prior to being inserted into the tube and the whole assembly hcated in a furnace
to bond the assembly together. This minimized thermal resistance and provided a uni-
form heat flux along the length of the tube. The heater and sleeve were inscrted such
that the central 190 mm were heated radially by the heater. This was taken as the active
boiling length. A correction was applied for the heat lost from the two ends of the tube
in the pool.

The tubes were each instrumented with eight thermocouples soldered into
channels which were machined in the outer surface of the slceve. Thesc thermocouples

were located at various axial and circumferential locations as shown in Figure 6. The
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thermocouple grooves were axially machined to the nearest end of the sleeve to provide
a path for the thermocouple leads. Type-T Teflon coated copper-constantan
thermocouple wire was used both in the tubes and throughout the apparatus. Dimen-

sions and for the tubes are given in Table 1.

Table 1. TEST TUBE DIMENSIONS

Tube Type Di(mm){ D2(mm){ Di(mm) | Do(mm)| L{(mm) | Lu(mm){ Kwall
(Wim . K)

Smooth 12.44 15.88 12.70 15.88 190.0 76.20 344

High Flux 12.95 15.82 13.20 15.82 190.0 76.20 45

(95/5 Copper-

Nickel)

C. CONDENSER SECTION .

The condenser was assembled similarly to the evaporator. The same size Pyrex-glass
tee was used as the main vessel with aluminum endplates. The glass vessel was mounted
vertically with side-arm tee horizontal to receive the R-114 vapor. A helical condensing
coil made of 9.5 mm copper tubing was inserted in the Pyrex glass tee. Swagelock fit-
tings were used to connect the condenser coil to the coolant tubing through the
condenser endplates. The coil was fabricated to an approximate outside diameter of 76
mm, providing an active condensation length of approximately 4.5 m.

The vacuum pump was connected to the top of the condenser via two isolation
valves to remove any noncondensable gases that collect there. A tubing connection was
placed in the bottom endplate of the condenser to enable R-114 condensate to drain
back to the evaporator by gravity. Valve and tubing lineup was such that condensate
could also be directed back to the R-114 reservoir. The condenser was connected to the
evaporator by an L shaped aluminum tube two inches in diameter. The pressure relicf
valve, mentioned earlier, and a bourdon pressure gage were mounted on this aluminum
tube.

D. COOLING SECTION
1. Coolant Sump
A 0.15 m?®, rectangular sump for the water-ethylene glvcol mixture was made of
13 mm Plexiglas sheet. The sides were glue jointed using a mcthyvlene chloride solution
with additional support provided by small screws. The tank was placed on a wooden

12




NO1d431

9NI¥-0

H31V3aH

9N1d AXOd3

3A331S ¥3d4d0D
N : |

VOSSR RININEOIsINN

FaIrsResdlisssavassnal

SOV I NS IR SIS ERIRIORNES FRISIRRLORIINNN)

TINNVHI
3 7dNOJOWYIHL

- -

rrrsssrse BRI RIROIN|

36nL ONI08

Schematic of the Test Tube

Figure 5.

13




( WW NI SNOISN3NI@) v-yY NOIL?3S

4

-. W— —
4 343375 A\ / JINNVYHI
¥3d4d02 3 74N020NWY3HL
~ .
N ¥30705—
TR EIE
k 79014 LHVD 22
) 'S
{dad) .udlheucﬂ yIiml
g
Z
- J\W ° ‘ - - .
v.m~l4
stT9 - 4 Sty
_ -97701 901

14

Positions of the Thermocouples

Figure 6.




platform to separate it from the concrete floor and all sides were insulated with 22 mm
sheet insulation. The coolant was a 52), mixture of ethylene glycol/distilled water
producing a solution freezing point of approximately -25 °C.
2. Refrigeration Plants

A 1/2 ton R-502 and a 1/4 ton R-12 refrigeration plant were used to chill the
ethylene glycol/water mixture. Each consisted of a hermetically sealed compressor as-
sembly, an air cooled condenser, a receiver, a filter-dryer, a pressure regulator, a tem-
perature control switch and a thermostatic expansion valve. A counter current heat
exchanger was used as the evaporator for the R-502 plant. An evaporator for the R-12
plant was constructed of 9.5 mm copper tubing which was coiled and placed directly in
the coolant sump. Both plants were controlled by a temperature control switch with
each plant having its own thermostatic expansion valve. The plants were adjusted to
maintain coolant temperatures at about -17 °C. Figure 7 shows a schematic of the
R-502 refrigeration plant. Figure 1 shows placement of the R-12 refrigeration plant
evaporator.

3. Pump and Control Valve

The two 8 gpm, 115 V Burks turbine type, positive-displacement pumps were
floor mounted next to the coolant sump. One pumped the ethylene glycol/water coolant
mixture through the R-502 counter-current heat exchanger. The other pumped the
coolant mixture to the condensing coil via control valve VC (see Figure 1). Valve VC
was the operators primary control device to maintain saturation pressure at a desired
value by varying the coolant flow rate (and hence the condensation rate) in the
condenser. A bypass line was also installed on the discharge line from the pump. Dis-
charge bypass was controlled by valve V9. The bypass line served to avoid overloading
the positive displacement pump when small heat loads were placed on the condensecr
(low coolant flow rates). The bypass return line returned to the sump via a penetration
in the top of the tank, where the coolant return stream from the condenser rcturned as

well.

E. R-114 RESERVOIR

The R-114 reservoir was an aluminum cylindrical vessel, 230 mm in diameter and
254 mm in height. The reservoir was equipped with a transparént plastic tubular sight
glass to monitor liquid level. The rescrvoir was located within the apparatus cnclosure
at a vertical location above that of the evaporator and below that of the condenser to

facilitate both gravity flow [rom the condenser to the reservoir and (rom the reservoir-
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to the evaporator. The reservoir could be replenished from an outside source (storage
cylinder) via a connection on the vacuum line from the condenser. Vapor from the
storage cylinder was condensed in the condenser and drained into the reservoir. The
arrangement of the reservoir is shown in Figure 1.

F. APPARATUS ENCLOSURE

The apparatus (apart from the cooling subsystem) was contained in an aluminum
framed, plexiglas enclosure. The enclosure consisted of a rectangular welded frame ap-
proximately 1 m x 0.5 m x 0.6 m. The frame was divided into upper and lower halves
with the lower half of the frame straddling and enclosing the coolant sump. The upper
half of the frame was enclosed at the top and bottom with aluminum sheet. The four
remaining sides were enclosed with 13 mm Plexiglas. The opposing 0.5 m x 0.6 m
plexiglas sides were equipped with hinges to allow access to the interior. The refriger-
ation plants, pumps, and heat exchanger were located on the laboratory floor adjacent
to the enclosure. Data acquisition equipment was located in a separate cabinet also
adjacent to the enclosure. The enclosure provided some insulation from ambient con-
ditions and provided a safety barrier between personnel and the apparatus should one
of the glass vessels fail. '

G. INSTRUMENTATION
1. Power Measurement
A 240 volt AC supply was used as the power source for the apparatus and was
controlled via a variac. Output from the variac ranged from 0-220 V, 0-5 A, adjustable
by the operator, to obtain a desired heat flux.at the tube surface. Power input to the
tube heater was measured with an AC current sensor and a voltage sensor (both sensors
output in volts). The voltage sensor output was also processed through an AC-DC true
R.M.S. converter which provided a proportional output signal (also in volts). The cur-
rent and R.M.S. voltage outf)ut were input to the data acquisition system. Calibration
of power measurement was checked by comparing voltage and amperage measurements
against a digital voltmeter and ammeter. The power measurcment system is shown
schematically in Figure 8.
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2. Temperature Measurement
Several temperatures were monitored throughout the apparatus. These were

e Average test tube wall temperature (using the 8 thermocouples positioned as men-
tioned above).

e Pool temperature (three thermocouples located at three different positions
longitudinally within the pool but at approximately the samc height)

e Coolant sump temperature (one thermocoupie)

The pool thermocouples were inserted into special housings that penetrated the
evaporator endplates (Figure 9). The main body of the housing was manufactured from
stainless steel (low thermal conductivity) to minimize errors in pool temperature meas-
urement due to conduction from the surroundings through the housing. The tip of the
housing was manufactured from copper to take advantage of copper’s high thermal
conductivity and to minimize the temperature difference between the pool and the
thermocouple.

Copper-constantan thermocouples were used for all measurements.
Thermocouples were read directly by a Hewlett-Packard 3497A data acquisition system
controlled by a Hewlett-Packard 9826 computer. The average temperature for each
thermocouple was obtained by scanning its output 20 times over 5 seconds and taking
an average. h

H. DATA ACQUISITION AND REDUCTION

All sensor outputs (thermocouples, current sensor and R.M.S. voltage) were ana-
lyzed by a Hewlett-Packard 9826 computer and the data stored using the iterative data
collection/reduction program DRP72 (Sugiyama’s single tube program DRP71 [Ref. 1]
was used during initially repeatability experiments). The program was controlled (by the
operator) by keyboard interaction to prompt the system to take desired steps. Raw data
was stored on the computer hard drive while a printout of reduced data was provided
on a Hewlett-Packard Inkjet printer. Channel assignments {or the various scnsor inputs
to the data acquisition system are shown in Table 2.
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Table 2. HP 3497A CHANNEL ASSIGNMENTS
Channel Assignment

00-07 Upper test tube wall temperatures
08-15 Lower test tube wall temperatures
16-18 Pool liquid temperatures

19 Coolant sump temperature

20 RMS voltage tube heaters

21 Upper tube current sensor

22

Lower tube current sensor
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Following data acquisition, the data were reduced utilizing the following
procedurel:
1. Input the name of the user-specified file to be stored on hard drive.

2. Select number of tubes to be powered and from which tube data is to be collected
(upper or lower).

3. Select tube type (all dimensions of the boiling test tubes are then automatically
selected).

4. Set desired saturation temperature (°C) of the pool (for these tests, 2.2 °C was used,
corresponding to approximately 1 atmosphere).

5. Input desired heat flux setting.
6. Set desired heat fluxes by adjusting appropriate variac.

7. Set desired saturation temperature by adjusting flow of coolant through condenser
coils with control valve VC.

8. Once saturation temperature is achieved, wait for steady state conditions (minimum
of 5 minutes) prior to taking data.

9. Prompt data acquisition unit to scan all channels listed in Table 2. All channel
readings are made in volts and stored in user specified fields.

10. Compute parameters from these voltages (i.e. temperature and power).
11. Compute the heat transfer rate from the cartridge heater.

12. Compute the average wall temperature of the test tubes and calculate the wall
superheat (Twall — Tsat)

13. Compute the physical properties of R-114 using the property correclations (see
Sugiyama(Ref. 1]) at film temperature ((Twall = Tsat)/2).

14. Compute the natural convection heat-transfer coefficient of R-114 from the un-
heated ends of the test tubes.

15. Compute heat losses from the unheated ends of each tube.
16. Calculate heat flux from the heated length of each tube.

17. Calculate the heat-transfer coefficient of the R-1 id from the heated length
of each tube.

18. Store heat flux and wall superheat for each data set in user specified field.

19. Plot the data using available software. For this study, plots were produced on the
NPS mainframe computer.

Sample calculations of the above procedure are given in Appendix A.

1 This procedure was essentially identical to that followed by Sugiyama [Ref. 1] and therefore
his procedure is largely reproduced.




1IV. EXPERIMENTAL PROCEDURE

A. ASSEMBLY

The mechanical assembly of the tubes within the evaporator was very straight for-
ward and will not be discussed in great detail. However the preparatory steps following
assembly are important from the point of view of ensuring a leaktight apparatus to
prevent loss of R-114 from the system and the intrusion of noncondensable gases into
the system. Additionally it should be noted that vertical alignment of tubes was ensured
by using an air bubble level.

1. Pressure Test of the Apparatus

Following reassembly of the evaporator, a pressure test was conducted on the
apparatus by pressurizing the system (with air) up to 10 psig. A soap-water mixture
then was sprayed on all joints and leaks were detected by bubble formation from the
soap-water mixture. Any leaks were then repaired. The apparatus was repeatedly
pressure tested until there were no “visible” leaks detected.

2. Vacuum Test *

Following a successful pressure test, the apparatus was evacuated (using the
vacuum pump) to approximately 27 inHg. The apparatus was then allowed to stand
overnight. If an appreciable vacuum loss was observed (i.e. a drop of more than 1 inHg.
in a 24 hour period), the whole process was repeated, beginning with a pressure test,
until all leaks were corrected.

3. Filling the Evaporator .

After the apparatus was successfully vacuum tested, the evaporator was filled
from the R-114 reservoir. The pressures were first equalized between the evaporator and
the reservoir by cracking open valve V7. R-114 liquid was then drained by gravity into
the evaporator through valve V6 until the liquid reached the desired evaporator level,
approximately 10 mm above the top of the upper tube. Once the evaporator was filled,
the reservoir was isolated from the rest of the apparatus by closing all connecting valves.

4. Sensor Connections

Thermocouple leads and any other sensor connections were not reconnected
until the cvaporator was successfully [illed without leaks. This prevented unnecessarv
wcar and tear on the heater leads and thermocouple wire due to the large number of tube

changes requircd.
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S. Degassing and Acquisition Channel Check

Once all connections were made, program SETUP72 checked the output on all
channels. Any erroneous output was promptly investigated and the necessary cor-
rections made. Before any heat was applied to either test tube, the system pressure was
reduced to the desired saturation pressure by opening flow of the coolant mixture to the
condenser. Each tube in turn was boiled vigorously at the highest heat flux setting
(approximately 80 k¥/m?) for about 10 minutes in order to degas the refrigerant and to
remove excess air from the tube surface cavities. Noncondensable gases then collected
at the top of the condenser and were removed by the vacuum pump. During the
degassing procedure, program SETUP72 was again used to observe thermocouple
readings and power sensors to ensure proper operation. Any faulty thermocouples were
marked to ensure they were excluded during data runs. Following degassing, the appa-
ratus was secured and the tubes allowed to soak overnight in the R-114 pool to provide
good surface wetting.

B. NORMAL PROCEDURE
The following procedure was used to obtain heat transfer data2:

1. Prior to system startup, the refrigeration plants were operated for approximately 1
hour to reduce the coolant sump temperature to about -15 °C.

2. The data acquisition/control unit, computer and variac panel were switched on.

3. The computer program SETUP72 was loaded and run: 1) All data acquisition
channels were then rechecked. 2) A power output of approximately 2.5 Watts was
input into each tube to check operation of the heater and power sensors. 3) The
average temperature of the refrigerant was slowly reduced to 2.2 °C by circulating
a small amount of coolant through the condenser.

4. The data acquisition program DRP72 was loaded and run.

5. The desired heat flux setting for the lower tube was input to the program and the
lower tube variac adjusted to give the desired heat flux (within + 500 I¥/m? ).

6. The control valve VC was adjusted to regulate the flow of cooling liquid through
the condenser to maintain a constant saturation temperature at a given hcat f{lux.
Desired versus actual saturation temperatures were monitored continuously by the
program until they agreed to within + 0.1 °C.

7. For each data point, conditions in the evaporator were allowed to stabilize for at
least five minutes prior to taking data. The following raw data were measured and
stored in a user specified field: local test tube wall temperatures, pool liquid tem-
peratures, sump temperature, current sensor readings and voltage sensor readings.

2 [bid
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8. Two data points were taken at each desired heat flux and saturation temperature.
The following processed data were recorded as a printout: wall temperatures of the
test tubes, liquid pool temperatures, vapor temperature, sump temperature, wall
superheat, heat-transfer coefficient and the heat flux.

9. For each data set, the above procedure was repeated from step 5. Various heat flux
steps were used to obtain uniform steps on a log-log scale. For increasing flux,
smaller steps were used up until the incipience of boiling in order to accurately de-
termine the point of incipience.

C. DATA LISTING
Data were filed using the following file name system:
¢ Files were given 10 character names (ex. DAT0531152).
® The first three characters DAT simgpiy refer to data.
® The next four characters date the file (0531= 31 May).

® The eighth character indicated an increasing or decreasing run (I = increasing, D
= decreasing).

® The ninth character indicated tube type ad listed in program DRP72 (4 = smooth
tube, 5§ = High Flux tube).

¢ The tenth character indicated which program wad used DRP71 or DRP72 (1 =
DRP71, 2 = DRP72).

e The l1th character when present indicated successive runs for the indicated tube
and indicated program for that day.

Table 3 is a listing of data runs.
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Table 3. LISTING OF DATA RUNS

Data File Tube Type Purpose

DATO122151 High Flux Cal; repeatability; single tube

DATO123152 High Flux Cal; repeatability; single tube

DATO125152 High Flux Repeatability; p/d=2

DATO012712 High Flux Repeatability; p/d=2

DATO130152 High Flux Repeatability; p/d=2

DATO130DS2 High Flux Repeatability; p/d=2

DATO0312142 Smooth Data; repeatability; p/d=2

DATO0312D41 Smooth Data; repeatability; p/d=2

DATO0313141 Smooth Repeatability; p/d=2

DATO0313D41 Smooth Repeatability; p/d=2

DATO0317142 Smooth Repeatability; p/d=2

DATO0317D42 Smooth Repeatability; p/d=2

DATO0320141 Smooth Repeatability; p/d=2

DATO0320D41 Smooth Repeatability; p/d=2

DATO0330142 Smooth Repeatability; p/d=2

DAT0330D42 Smooth Repeatability; p/d=2

DATO0331142 Smooth Data; p;d=2; 500 V/m? on lower
tube

DAT0331D42 Smooth Dal\)ta; p/d=2; 500 W/m? on lower

: tube

DAT0401142 Smooth Dita; p/d=2; | kW/m? on lower
tube

DAT0401D42 Smooth Dzll)ta; p/d=2; 1 kW/m? on lower
tube

DAT0404142 Smooth Data; p/d=2; 1 kIV/m? on lower
tube

DAT04041421 Smooth D:lxjta; p/d=2; 1 kIV[m? on lower
tube

DAT0404D421 Smooth Data; p/d=2; | k}V/m? on lower
tube

DAT0406142 Smooth Data; p/d=2; 10 &}V /m? on lower

tube
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Continuation of Table 3.

Data File Tube Type Purpose

DATO0406D42 Smooth Data; p/d=2; 10 kiV[m? on lower
tube

DAT0407142 Smooth Data; p/d=2; 25 kFV[m? on lower
tube

DATO0407D42 Smooth Data; p/d=2; 25 k}¥V[m? on lower
tube

DATO0408142 Smooth Data; p/d=2; 3 kIV/n?? on lower
tube

DATO0408D42 Smooth Data; p/d=2; 3 kI¥/m? on lower
tube

DATO0410142 Smooth Data; p/d=2; Tubes run up to-
gether

DAT0410D42 Smooth Data; p/d=2; Tubes run down
together

DATO0415142 Smooth Data; p/d=1.8; 10 kW/nm? on

. lower tube

DAT0415D42 Smooth Data; p/d=1.8; 10 kW¥/m? on
lower tube -

DATO04151421 Smooth Data; p/d=1.8; 25 kW [m? on
lower tube

DATO0415D421 Smooth Data; p/d=1.8; 25 ki¥/m? on
lower tube

DATO0417142 Smooth Data; p/d=1.8; no power on
lower tube

DAT0417D42 Smooth Data; p/d=1.8; no power on
lower tube

DATO0418142 Smooth Data; p/d=1.8; 1 kIV/m? on
lower tube )

DATO0418D42 Smooth Data; p/d=1.8; | kIV/m? on
lower tube _

DATO0419142 Smooth Data; p/d=1.8; 3 kIV/m? on
lower tube

DATO0419D42 Smooth Data; p.d=L1.8; 3 kIW/m? on
lower tube

DATO0423142 Smooth Data; p:d=1.5; no power on

lower tube

27




Continuation of Table 3

Data File Tube Type Purpose
DATO423D42 Smooth Data; p/d=1.5; no power on
lower tube
DATO0424142 Smooth Data; p/d=1.5; 3 kW/m? on
lower tube
DAT0424D42 Smooth Data; p/d=1.5; 3 kI¥/m? on
lower tube
DAT0425142 Smooth Data; p/d=1.5; 1 kIV/m? on
lower tube
DATO0425D42 Smooth Data; p/d=L.5; 1 k¥ /[m? on
lower tube
DATO0426142 Smooth Data; p/d=1.5; 10 kIW[m? on
lower tube
DAT0426D42 Smooth Data; p/d=1.5; 10 kW /m? on
. lower tube
DAT0427142 Smooth Data; p/d=1.5; 25 kW[m? on
. . lower tube
DAT0427D42 Smooth Data; p/d=1.5; 25 kW [nm? on
‘ lower tube
DATO0430152 High Flux Data; p/d=1.5; 1 kIV/m? on
lower tube
DAT0430D52 High Flux Data; p/d=1.5; 1 kIV/m? on
lower tube
DATO0501152 High Flux Data; p/d=1.5; 10 kW [m? on
A - | lower tube
DATO0501D52 High Flux Data; p/d=1.5; 10 k#¥/m? on
) . lower tube
DATO05011522 High Flux Data; p/d=1.5; 25 kW /[m? on
lower tube
DATO0501D522 High Flux Data; p/d=1.5; 25 &IV/m? on
. lower tube
DAT0502152 High Flux Data; p/d=1.5; 3 kIV/m? on
lower tube
DAT0502DS2 High Flux Data; p/d=1.5; 3 kIV/m? on
lower tube
DAT0503152 Fligh Flux Data: p.d=1.5: no power on
lower tube
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Continuation of Table 3.

Data File Tube Type Purpose

DATO0503D52 High Flux Data; p/d=1.5; no power on
lower tube

DATO0506152 High Flux Data; p/d=1.8; no power on
lower tube

DATO0506D52 High Flux Data; p/d=1.8' n. power on
lower tube

DATO0507152 High Flux Data; p/d=1.8; 1 kW [m? on
lower tube

DATO0507DS52 High Flux Data; p/d=1.8; | kW/[n? on
lower tube

DATO0508152 High Flux Data; p/d=1.8; 3 kW[n? on
lower tube

DATO0508D52 High Flux Data; p/d=1.8; 3 kW[m? on
lower tube

DATO05081521 High Flux Data; p/d=1.8; 10 kW /m* on
lower tube

DATO0508D521 High Flux Data; p/d=1.8; 10 kW/m? on
lower tube

DATO0509152 High Flux Data; p/d=1.8; 25 k¥ [m? on
lower tube

DATO0509D52 High Flux Data; p/d=1.8; 25 kW[m? on
lower tube

DATO0509D52 High Flux Data; p/d=1.8; 25 kW /m? on
lower tube

DATO0515152 High Flux Data; p/d=2; 25 kW/m? on lower
tube

DATO0S515DS2 High Flux Data; p/d=2; 25 kW [m? on lower
tube

DATOS16152 High Flux Data; p/d=2; 10 k¥ [m? on lower
tube

DATO0516D52 High Flux Data; p/d=2; 10 kW [m? on lower
tube

DATOS517152 High Flux Data; p/d=2; | kI¥|m? on lower
tube

DATO0S519152 High Flux Data; p/d=2; 3 kIV/m? on lower

tube
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Continuation of Table 3

Data File Tube Type Purpose

DATO0520152 High Flux Data; p/d=2; no power on lower
tube

DATO0529152 High Flux Data; p/d=2; tubes run up/down
together

DATO0530152 High Flux Data; p/d = 2; lower tube position

plugged
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V. RESULTS AND DISCUSSION

It should be noted and it is stressed that results are expressed in terms of enhance-
ment of the upper tube over a single tube and that the results are applicable to this ap-
paratus. These results may not be reproducible outside of this apparatus.

A. REPRODUCIBILITY

To investigate repeatability, tests were conducted with both a ‘single’ High Flux and
smooth tube (with only the upper tube operating). Runs were conducted using both
program DRP71 (from Sugiyama’s single tube work [Ref. 1]) and DRP72 with no heat
flux applied to the bottom tube. This ensured that the new program DRP72 performed
correctly. An additional set of runs were made using the pair of smooth tubes with a
heat flux of 1 kW/m? applied to the lower tube using program DRP72. The runs for all
these comparisons are listed in Table 4. A pitch-to-diameter ratio of 2 was used for the
runs listed in Table 4. A plot of heat flux vs. wall superheat (Thetab) for these runs is
shown in Figure 10 through Figure 12. Figure 10 shows the ‘single’ smooth tube data
together with the single smooth tube data of Sugiyama {Ref. 1]. The three runs agree
very well and are within 10% of Sugiyama’s data; any discrepancy is attributed to the
presence of the unheated lower tube modifying the flow over the upper tube. Clear ev-
idence of hysteresis is seen as with Sugiyama’s work; as the heat flux is decreased , a
closed loop is formed indicating that as the nucleation sites die out, the transfer mech-
anism returns to one of natural convection. Figure 11 shows the ‘single’ High Flux tube
data together with the single tube High Flux data of Sugiyama [Ref. 1]. Again good
agreement is obtained except at the lowest heat fluxes and lowest AT’s where discrep-
ancies of up to 507, are noted. However, due to the very high uncertainty in this region
(marked on Figure 11), primarily due to uncertainty in the wali temperature measure-
ment due to the fabrication procedures, the agreement is still considcred reasonable. It
should also be noted that run DAT0530 was conducted with plugs in place of the bottom
tube (as opposed to the bottom tube having zero applied heat flux) and also shows ex-
cellent agreement. This indicates quite clearly that with the lower tube off, the upper
tube behaves almost exactly like a single tube. Note aiso that the hysteresis loop’ is
open (again similar to the work of Sugiyvama) indicative of the fact that there are still a
significant number of active nucleation sites operating with the High IFlux tube cven at
heat fluxes as low as 1000 W/m?. Figure 12 shows the three smooth tubc runs con-

31




ducted with a 1kW/m? heat flux applied to the bottom tube. Without discussing the
significance of the results here (see section B.), it can be scen that repeatability is good
and within §%, for all three data sets. Based on Figure 10 through Figure 12, data re-
peatability and agreement with past single tube work carried out on the same apparatus
is considered good.

Table 4. DATA RUNS USED FOR REPEATABILITY

Data Set Tube Type Lower Tube Setting

DATO0313141 smooth no power on lower tube

DATO0313D41 smooth no power on lower tube

DATO0320141 smooth no power on lower tube

DATO0320D41 smooth no power on lower tube

DATO0330142 smooth no power on lower tube

DATO0330D42 : smooth no power on lower tube

DATO0401142 smooth 1 kW|m

DAT0401D42 smooth 1 kW|m

DATO0404142 smooth 1 kWim

DAT0404D42 'smooth 1 kW|m

DATO0407142 smooth 1 kWi

DAT0407D42 smooth 1 AW/m?

DATO123152 High Flux no power on lower tube, increas-
ing run only

DATO0130152 - High Flux no power on lower tube

DATO130DS2 High Flux no power on lower tube

DATO0530152 High Flux lower tube removed and position
plugged, increasing and decreas-
ing run recorded in this file

B. INFLUENCE OF THE LOWER TUBE

To investigate the influence of a lower upon an upper tube, each upper tube (for
both types of tube surface) was run up and down (starting in the convection region)
through various heat flux settings for three different pitch-to-diameter (p;/d) ratios and
five different fixed heat flux settings on the lower tube. Note that in each test, the same
tube surface was used for the upper tubc and the lower tube (i.e. the surfaces were never
mixed). The p/d ratios used were 1.5, 1.8 and 2. A p/d ratio of 2 was sclected to match
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the vertical pitch, not only in Naval centrifugal flooded evaporators, but also in the
bundle apparatus in the Heat Transfer Laboratory. The fixed lower tube heat flux set-
tings (LTHFS) used were 0, 1, 3, 10 and 25 AI¥/[m? (there was one test conducted with
a lower tube heat flux setting of 500 W/m?). To evaluate the influence of the lower tube,
the data has been presented in two ways: the first by common p/d ratio and the second
by common LTHFS. In every case, plots of heat flux vs AT are shown.
1. The Effect of Heating the Lower Tube
a. Smooth Tube p|d Ratio of 2

Figure 13 shows data taken for a p/d ratio of 2 for the six LTHFS labeled
in the legend representing & IV/m? and CC representing the Churchill and Chu correlation
[Ref. 2]. This labeling was used for all the 5§ subsequent plot legends. An extra run was
made at this pitch with a LTHFS of 500 W/m? for comparison. The natural convection
regime shows very small enhancements with increasing LTHFS of up to 3 AW/m?. Of
note is that for LTHFS of 0, 0.5, 1, and 3 kW/m? , the lower tube was in the convection
regime at the beginning of the increasing run. For the 10 and 25 AW/m? case the lower
tube had nucleated immediately and was nucleating for the entire run. The natural
convection curves are still very close to values calculated from Churchill and Chu’s cor-
relations [Ref. 2] and relatively parallel with one another. It can be seen that for a
LTHFS of 500 I¥/m?, the top tube behaves almost as if it were a single tube (i.e. agrees
with a LTHFS of 0). In this case, the lower tube remained in the natural convection
regime for the entire run and shows that if this is the case, little to no enhancement of
the upper tube is obtained at any heat flux. The point of incipience is different for each
LTHFS and proved to be a fairly random event for the smooth tubes, occurring around
12 kW/|md. In all cases except the 0 and 500 W/n?, the lower tube was “seeded” by
bubbles from the R-114 return line (impinging upon the lower tube) when at a high flux
(> 20k W |m?) on the upper tube. The lower tube then continued to nucleate after being
‘seeded” throughout the remainder of the run. The LTHFS of 0, 0.5, 1 and 3 k¥/nm?
showed enhancement upon nucleation, jumping to a common nucleate boiling curve.
This entire run showed a very definite hysteresis effect and was very similar to
Sugiyama’s [Ref. 1] single tube data. Following nucleation, the four lower LTHFS fol-
lowed an identical nucleate boiling curve for the remainder of the increasing run. On the
decreasing run, the two lowest LTHFS showed a gradual return to the convection curve
indicating a gradual deactivation of nucleation sites as heat flux was reduccd on the
upper tube. This coincided with no nucleation on the lower tubc and also agreed well
with Sugiyama’s [Ref. 1] singlc tube results. The remaining LTHFS departed (rom this
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curve (on the decreasing run) and showed significant enhancements (almost an order of
magnitude over a single tube at the lowest heat fluxes). The enhancement increased with
increasing the LTHFS until at LTHFS above 10 AW/m?, additional enhancement was
minimal. The curves followed by LTHFS greater than 1 kW/m? during the decreasing
run were also parallel to the increasing run natural convection curves. This suggests
strong convection effects on the upper tube when the lower tube is nucleating and heat
flux setting on the upper tube is below 10 kIW/m? . This agrees well with the data of
Fujita er al. [Ref. 13]. It should be noted that all LTHFS followed the same curve above
an upper tube heat flux setting of approximately 20 & W/m? showing no effect of LTHFS
at high flux settings on the upper tube. This too is in agreement with Fujita et al.. Of
particular note is that the two highest LTHFS follow the same curve for both increasing
and decreasing runs, indicating complete elimination of hysteresis prominent in single
tube data. The above discussion indicates a significant effect of the lower tube upon the
upper tube when the lower tube is nucleating. There are almost negligible enhancements
when both tubes are in the convection regime.
b. Smooth Tube p/d Ratio of 1.8.

The smooth tube runs with a p/d ratio of 1.8 , shown in Figure 14, show
very similar results to that for a p/d of 2. As before for LTHFS of 0, 1 and 3 A¥/m?,
both tubes begin in the convection regime for the increasing run: again no significant
enhancement is seen in this region, although these curves are in better agreement with
Churchill and Chu [Ref. 2]. For a given LTHFS, onset of nucleate pool boiling (ONB)
occurs at different heat fluxes than in Figure 13, demonstrating the random nature of
this phenomena. A common nucleate boiling curve is followed by all LTHFS runs
above an upper tube heat flux setting of about 20 kW/m?. Hysteresis effects are similar
for low LTHFS as are the elimination of hysteresis for the two highest LTHFS. The
lower tube was seeded by bubbles from the R-114 return line at high upper tube hcat
flux for all LTHFS (except 0). When compared with Figure 13, the same enhancement
factors are seen at all but the highest heat fluxes, where the 1.8 p/d shows a slight en-
hancement over the 2 p/d. This will be shown more clearly én a later graph.

c. Smooth Tube p/d of 1.5

The same trends and enhancements seen in the previous two p/d ratios are
also seen in Figure [S. LTHFS of 0, I and 3 are very similar to the previous two p:d
ratios with no appreciable enhancement in the convection rcgion. The lower tube
started in the convection region for LTHTI'S of 0, | and 3, and was nucleating throughout
for LTHFS of 10 and 25 k#/m? The lower tube nucleated via ‘seeding’ at high (luxes
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on the upper tube as for the previous two p/d ratios. ONB for the upper tube continued
to be a statistical phenomenon. Similar hysteresis patterns arc also seen. At the highest
heat flux settings, the 1.5 p/d shows a degradation compared to both the 1.8 and 2.0 p/d.
This will again be shown more clearly on a later graph.
d. High Flux Tube p/d of 2

A plot of data runs made for the High Flux tube with a p/d ratio of 2 is
shown in Figure 16. The convection region looks very similar to that of the smooth
tubes in that they agree fairly well with Churchill and Chu [Ref. 2]. Also, there is no
appreciable enhancement in the convection region for increases in LTHFS from 0 to 3
kW[m. For LTHFS of 0, 1 and 3, the lower tube remained in the convection regime
until nucleation cf the top tube, as with the smooth tube cases. However for all the
High Flux tube runs, with the exception of the 0 LTHFS, the lower tube nucleated ar
the same time as the upper tube when both tubes started in the convection regime. This
appeared to be due to the explosive nature of nucleation with these enhanced surfaces
which caused vapor to impinge upon the lower tube thereby causing immediate
nucleation on the lower tube as well; there are probably significant shock waves set up
within the pool that add to this nucleation of the lower tube as well. Once the upper
tube nucleated, the three LTHFS curves jumped to a common nucleate boiling curve,
and demonstrated a significant temperature overshoot, similar to that found by
Sugiyama [Ref. 1] for a single High Flux Tube. These LTHFS runs followed the same
nucleate boiling curve for the remainder of the increasing run and for the entire de-
creasing run; the form of the hysteresis loop agreed very well with Sugivama’s single tube
work [Ref. 1].

The lower tube rucleated from the beginning of the increasing run for a
LTHFS of 10 and 25 kW/m*. Unlike the smooth tubes, the hysteresis loop is not com-
pletely eliminated for these two LTHFS. These curves demonstrate that the upper tube
experiences several effects during the increasing run. The segment of the curve butween
500 and 1000 W/m? is parallel to the natural convection curves but well to the left (i.e.
well enhanced), indicating strong convection effects due to the bubble plume from the
lower tube sliding over the upper tube. This segment of the curve agrees very closely with
that for the smooth tube in the convection region for the same pitch and the same
LTHFS. This indicates that the bubbles sweeping over the upper non-nucleating High
Flux tube have the same enhancement effect as on an upper non-nucleating smooth
tube, i.e. it makes no difference which tube surface is used because the majority of *he
heat transfer is associated with the bubble plume sweeping over the upper tube {rom the
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nucleating tube below. This supports Cornwell’s bubble sweeping hypothesis at low
heat fluxes [Ref. 17]. For upper tube heat fluxes above 1000 W/m?, the curves for both
the 10 and 25 AW/m?* LTHFS show almost vertical slopes, indicating partial nucleation
and mixed convection, eventually; at high enough heat flux as they join the same com-
mon nucleate boiling curve as before with LTHFS of 0, 1 and 3 &W/m? All decreasing
runs for all LTHFS followed the same curve, and agreed closely with both the 0 LTHFS
and with single tube data (Sugiyama [Ref. 1 ]) for decreasing heat flux. There is some
difference between the curves on the decreasing run at low fluxes; however these differ-
ences are within the experimental uncertainty which is largest in this region. The above
suggests that there is no enhancement
of the upper tube heat transfer coefficient gained by heating the lower tube at a p/d of
2.
e. High Flux Tube p/d Ratio of 1.8
Figure 17 for a p/d of 1.8 is almost identical to that for a pitch of 2. The
same effects (as discussed for Figure 16 above) apply equally to Figure 17. Convection
and nucleate region curves fall on top of each other with the upper tube nucleating at
almost the same heat fluxes. The first segment between 500 and 1000 W/m? for LTHFS
of 10 and 25 kW/[m? agrees very closely with the nucleate boiling region for the smooth
tube for the same pitch. The reasons for this are also discussed above, and demonstrate
the repeatability of this effect. The excellent agreement between the plots in Figure 17
and Figure 16 suggests that there is no effect of tube spacing at any heat flux. This will
become clearer in later figures.
J- High Flux Tube p/d Ratio of 1.5
Figure 18 shows the plot for a pitch of 1.5 to be almost identical to the
plots for pitches of 1.8 and 2. The differences in the plot are in the same areas as in the
previous pitch. The upper tube nucleates at different fluxes than in the previous two
pitches, again demonstrating the somewhat random nature of ONB. In all other respects
the plot is identical to the previous two, further reinforcing that there is nothing to be
gained from an upper enhanced tube by the presence of a nucleating lower cnhanced
tube except if the upper tube is in the natural convection region.
2. The Effect of Tube Spacing
a. Lower Tube Unheated
To show the effect of tube spacing, plots have been made for all thrce
pitch-to-diameter ratios at each LTHFS used. For the base of an unheated lower tube,
the data are shown in Figure 19 for both the smooth and High Flux tubes for all thrce
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values of p/d tested. This plot clearly shows the hysteresis loop for the smooth tubes
(discussed earlier) and the earlier incipient point associated with the High Flux tubes.
It should be noted that on a log/log plot, the temperature overshoot for the High [lux
tubes looks much larger than that for the smooth tubes. In fact it is the other way
around, with a smooth tube temperature overshoot of around 25 K and a High Flux
value around 15 K. In the natural convection region, all the data fall very closely to-
gether. Following nucleation of the upper tube, the three curves for each tube jump to
that tube’s respective nucleate boiling curve for the remainder of the run; these curves
agree well with Sugiyama’s [Ref. 1] single tube data for both smooth and High Flux
tubes. As expected for an unheated tube, there is no effect of tube spacing for High
Flux tubes for any heat flux. However for the smooth tubes at high heat fluxes, there
does appear to be a definite effect of tube spacing, with a p/d of 1.8 giving the best heat
transfer performance. With the bottom tube unheated, it is unclear as to why this
should be the case (except that its presence obviously effects the circulation patterns in
the evaporator), but as will be seen, this trend is consistent even when the lower tube is
heated.
b. Lower Tube Heat Flux Setting of 1 kW|m?

Results for both tube surfaces at three vah;es of p/d for a 1 kW/m* LTHFS
are shown in Figure 20. In the natural convection region, it appears that both High
Flux and smooth tubes show a small increasing enhancement with increasing tube
spacing. This agrees with Sparrow and Niethammers {Ref. 11] and Marsters [Ref. 12]
work with air. It should be noted that for this LTHFS, both upper and lower tube were
in the convection region at the start of the increasing run. Figure 20 also shows the
lower nucleation heat fluxes associated with ONB for High Flux tubes. Once the upper
tubes nucleate, all curves ‘jump’ to a nucleate boiling curve. The High Flux tubes follow
the same nucleate boiling curve regardless of spacing for the remainder of the run. This
suggests that for a High Flux tube which is nucleating, there is no effect of heating from
a lower tube with a LTHFS of 1 kW/m? or less for any p/d ratio. The smooth tubes on
the other hand, do show small enhancements throughout the nucleate region for the
three values of p/d. These are similar to the data shown in Figure 19 when the bottom
tube was present but not heated, and suggests that these effects are directly related to
the tube spacing itself and not due to the fact that the lower tube is heated. In
Figure 20, there does scem to be some effect of p/d at these lower heat {luxcs on the
boiling curve; furthermore, this appears to be opposite to the trend found at high heat
fluxes, i.e. a p/d of 1.5 gives the best heat transfer. However, this is thought to be cx-
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perimental scatter as it does not occur on later graphs, whereas the cffect at high “eat
fluxes is very repeatable.
¢. Lower Tube Heat Flux Setting of 3 kW|m?

The plot shown in Figure 21 fora LTHFS of 3 AW/m? is very similar to that
for 1 kW|m. The same enhancement trends are seen in the convection region in that
both tubes show increasing enhancement with increasing pitch, with the exception of the
smooth tube with a p/d of 1.8. This is believed to be due to scatter because the per-
formance shown for both tubes for the other LTHFS
in the natural convection regime tend to follow an increasing enhancement with pitch
trend. It should be noted for this LTHFS that both lower and upper tube were in the
convection region at the beginning of the increasing run. Once the upper tube had
nucleated, then the lower tube also started to nucleate from the ‘seeding’ process men-
tioned earlier. Following nucleation, the High Flux runs show the same results as in the
previous LTHFS. The smooth tube still shows small enhancements at high heat fluxes
as in the previous LTHFS, with a pitch of 1.8 ﬁving the best enhancement. However
in the boiling regiori below 10k /m?, no enhancements are discernable due to p/d (as
mentioned earlier) and the curves fall directly on top of one another. .

d. Lower Tube Heat Flux Setting of 10 kW|n

It should be noted that for this LTHFS, the lower tube nucleated at the
beginning of the run and remained that way throughout the run. The plot fora LTHFS
of 10 kW/m? is shown in Figure 22 and clearly shows the elimination of hysteresis for
the smooth tube. Thus the effect of the bubbles from the lower tube sweeping over the
upper tube (even when the upper tube is in the convection region) is enough to ‘simulate’
full nucleation from the upper tube, again supporting Cornwell’s hypothesis that at low
heat fluxes, the majority of the heat transfer from upper tubes in a bundle is due to
convection effects from below. Figure 22 also clearly shows that there is no effect of
spacing for smooth tubes except at high heat fluxes, as before (above 20 k}V/m?). For
the High Flux tube it is clear that there is no effect of spacing in the decreasing portion
of the curve as before. It is unclear what influence spacing may have on the ini:}casing
curve as any effects appear quite random. This suggests that the effect of spacing in this
region is very small if not negligible. As mentioned earlier, the segment of the increasing
High Flux curve betwcen 500 and 1000 IV/m? is parallel and very closc to the same seg-
ment for the smooth tube curve. Note that for the smooth tube, the curve is the same
for increasing and decreasing heat flux, suggesting that the top tube is not nucleating

at these low heat fluxes and that the enhancement seen is due entirely to the sweeping
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bubbles from below. This implies that both tubes experience very similar convective
effects when influenced by a vigorously boiling tube below. This was discussed in more
detail earlier.

e. Lower Tube Heat Flux Setting of 25 kW/|m?

Figure 23 shows results for a LTHFS of 25 &W#/m?® and is very similar to
that for 10 kW /m?. It should be noted that the lower tube in each case was nucleating
from the beginning of the run. The only region where spacing has any effect is in the
high heat flux boiling region (above 20 k#/n#) for the smooth tube. As in the previous
case, any effects of tube spacing on the High Flux tube can be considered negligible.
Again, of particular interest is the segment of the increasing curves between 500 and
1000 Win?. Here the curves for the smooth and High Flux tube fall on top of one an-
other, further implyimg that at low heat fluxes (with the lower tube nucleating vigor-
ously) the convection effects on the two types of surface are the same. Of note is the
excellent repeatability of the data.

3. Both Tubes Subject To the Same Heat Flux

In addition to the data already presented, two additional runs were conducted,
(one for each type of tube) in which the upper and lower tube were run up and down
together at the same heat flux setting; these tests were both conducted with a p/d of 2.
It should be noted that the upper and lower tubes were in the convection region at the
beginning of the runs. The results of these two tests (for the upper tube only) are shown
in Figure 24. The High Flux tube data fall on top of previous data, showing no effect
of the lower tube throughout the entire heat flux range. This was expected due to the
‘repeatability” of the High Flux tube shown in Figure 19 through Figure 23. The
smooth tube shows a much earlier incipient heat flux for the upper tube. However, there
is a large step in heat flux at this point due to the upper tube suddenly nucleating at a
lower than expected heat flux (the cause of this nucleation is unknown and may be just
a function of the randomness of this phenomenon mentioned earlier, Apart from its
early ONB, the smooth tube follows a very similar boiling curve to that shown previ-
ously for a p/d of 2. At the lowest values of heat flux, the hysteresis loop” is still slightly
open; this is because the lower tube still has a small number of active nucleation sites
which are slightly enhancing the top tube. At | &capflux., the difference between the
increasing and decreasing values of AT is similar to that found on Figure 20 for a
LTHFS of 1 kW/[m?. This also true for the other LTHFS, i.e.the curve on Figure 24
coincides at one point with the boiling curves in Figure 19 through Figure 23 at the
respective LTHFS. Of particular interest is that the foregoing results agree with and
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complement certain results found from the bundle apparatus in the Heat Transfer labo-
ratory. Not too many conclusions can be drawn from Figure 24 due to the lack of data
taken at other spacings. This is one area which should be further investigated in the

future.
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VI. CONCLUSIONS

1. There is no effect of tube spacing on High Flux tube performance at any heat flux.

2. The effect of tube spacing on smooth tube performance is present (but small) in the
convection region. At high fluxes (> 20 kW¥W[m?), there is a systematic dependence on
tube spacing with a p/d ratio of 1.8 giving the best heat transfer performance.

3. A nucleating lower High Flux tube significantly enhances an upper High Flux tube in
the convection region due to bubble sweeping. There is no effect of a heated lower tube
on 2 nucleating upper High Flux tube.

4. A vigorously nucleating lower smooth tube (> 10 k¥/m?) eliminates all hysteresis ef-
fects on an upper tube. A partially nucleating lower smooth tube (< 3 kW/m?) signif-
icantly enhances (by an order of magnitude) an upper smooth tube.

5. For low upper tube heat flux settings (< 1000 #/n?) and vigorous nucleation on the

lower tube, High Flux and smooth tubes exhibited similar performance demonstrating
that the majority of the heat transfer is due to bubble sweeping from below.
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VII. RECOMMENDATIONS

1. Continue present work with other spacings and ‘bundle’ configurations.

2. Adapt the current apparatus to provide a larger evaporator to accommodate more
than two tubes. This would probably also provide better conditions for videotaping the
phenomena within the evaporator.

3. Resume experiments operating both tubes at the same heat fluxes for other spacings.
4. Pursue modeling of the enhancement effect, taking into account the mixed effects of
convection (from a lower tube). Studies of a smooth tube placed above an enhanced

tube might shed light on this.

5. Measurement of temperature in the plume from the lower tube to study the effect of
spacing in both the natural convection and boiling region.

6. Acquisition of a Hewlett-Packard to IBM converter would greatly increase the ability
to produce results from processed data within a short time frame.
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APPENDIX A. SAMPLE CALCULATIONS

Data set DAT0529152 was chosen for sample calculations. The saturation temper-
ature was 2.25 °C, the heat flux on the upper tube was 35590 W/m?.

A. TEST-TUBE DIMENSIONS

Do=0.01582m

Di=0.0132m

D1=0.013m

L=0.190m

Lu=0.076 m

B. MEASURED PARAMETERS

V =14755V

I =244 4

T1 =588°C

T2 =490°C

T3 =35.38°C

T4 not read, defective

TS =5.77°C

T6 =7.06°C
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T7T =5.66°C
T8 =548°C
Tsat=2.25°C

ke =45 Wime+ K

C. OUTER WALL TEMPERATURE OF THE TEST TUBE

p=mneDo=74+0.01582=0.0497 m
Ac = n(Do* — Di%)|4 = ={(0.01582)% — (0.0132)*}/4

Ac=597x10"% m?

Qh=VI=145.55.2.44 = 360.02 W

Tavg = 'z:':rn/m =573°C

where m = the number of operational thermocouples used

Two = Tavg — Qh« { In(Do/D1)[/(2 e« L « kc)}

0.01582

Two = 5.73 = 360.02( In( 55 305 )/(2

o +0.2032 « 45)}

Two =4.48 °C
O=Two— Tsat=448 - 2.25=2.23°C
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D. PROPERTIES OF R-114 AT FILM TEMPERATURE

Tf = (Two + Tsar)|2 = (4.48 + 2.25)]2 = 3.36 °C

u = exp[ —4.4636 + (1011.47/Tf)] « 1073

p = exp[ —4.4636 + (1011.47/(3.36 + 273.15))] + 10 = 3.76 x 10™* N+ s/m*
Tc = Critical Temperature(°R) = 753.95 °R

TA°R) - 498.05°R

j= 1= TRR)Tc(R) = 1 — 498.05/753.95 = 0.34

p = 581.77 + 984.15'/% + 263.02j + 279.99' % + 17.942

p=1522.7 kg/m’

v=p/p=3.7605x 1074/1522.72 = 2.47 x 10~’ ﬁzls

k=71x10"% = (2.61 x 10~ « TR°C)}

k=71%10"2=(2.61 x 10™+3.36) = 7.01 x 1072 W/m K

Cp =400 + 1.65+ Tf + (1.51 x 107 « Tf) = (6.68 x 107 « Tf)

Cp =959.86 Jjkg « K
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1072

_ -8 2
152272 . 959.85¢ — 80 x 107" m’]s

a=k[peCp=7.0224 x

B =—(Ap/AT)/p = 1.02011 x 1073(1/K)

Pr=v|a=5.15

E. HEAT FLUX CALCULATION
Using Churchill and Chu s correlation for a cylinder in natural convection, the heat
transfer coefficient from one non-boiling end can be calculated as:

g*B e+ Do’ «®.tanh(m« Lu)

16
( veaeLuem )
h=--106+ 0.387{ }2

Do [1 + (0.559/ Pr)°l ¥

where

m={(hep)l(ke « Ac)}'?

and h was computed through an iterative process beginning with an assumed h of
190W/m? « K. The resulting h and m were:

h=110.78 W|m*« K

m =45.28

Qf =(hepskce Ac)'* «© e tanh(m+ Lu) = 0.27 W

F. HEAT FLUX THROUGH ACTIVE BOILING SURFACE

Q = Qh— 2+ Qf = 360.02 — 2(0.27) = 359.47 W

Ab=rneDoeL =m+0.01582+0.2032 = 1.0l x 102 m*
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q = Q| Ab=1359.47/1.01 x 107 = 35595 W|m®

h=q'|©=35595/2.23 = 15955 W/m*+ K

The following results were produced by the data acquisition and reduction program
DRP72:

q = 35590 Wim?

h=15969 Wim®« K

©=223°C

The calculations were exactly the same for both tubes.
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APPENDIX B. UNCERTAINTY ANALYSIS

For comparison purposes, uncertainty was determined using the same methods
(those of Kline and McClintock [Ref. 18]) as Sugiyama in single tube work [Ref.l Ap-
pendix E]. Four data points (two for the smooth tube and two for the High Flux tube)
were selected for the uncertainty analysis. These points were selected such that uncer-
tainty could be determined in the high and low heat flux regions for each tube. The
points selected were data sets 19 and 35 from run DAT0529D52 and data sets 1 and 13
from run DATO0425D42. The following is a sample calculation of uncertainty for data
set 19 of run DAT0529D52 (i.e. low heat flux setting on the High Flux tube). Measured
and calculated parameters were obtained as in Appendix A, sample calculations. All
uncertainties are expressed as a percentage of the calculated parameter. Results are shown
in Table 5

A. UNCERTAINTY IN INPUT POWER.

Qh= VI

Is=037V 0/=+0.0254

where § = uncertainty in measurement and calculation

Vs=175V 6V =+005V

I =192.1s=0.714

V=25Vs=4378V

SQhIQh = ((6V] Vs)? + (51/15)2)1l2

6QhIQh = ((0.05/1.75)* + (0.025/0.37)%)"/?

SQhIQh = 7.33
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B. UNCERTAINTY IN SURFACE AREA

Ab=neDoo L
Do = 15.82mm 0Do =0.1mm

L =203.20mm 6L =0.lmm

5Ab| Ab = ((6Do| Do)* + (BLILP)'?

54/ A4b = ((0.1/15.82)? + (0.1/203.2")' "

8Abj/Ab=0.63

C. UNCERTAINTY IN WALL SUPERHEAT

AT = Two — Tsat

Tsat=227°C O6Tsar=0.01°C

Two = Tavg — Qh[(In(Do/D1))[(2 +  + L » kc)]

Tn = thermocouple readings

T1 =2.76°C n2=261°C

T3 =267°C T4d(defective thermocouple)

T5=274°C T6 =2.81°C

T7=276°C I3 =2.74°C

Tavg = (ZTn|7)




wheren = 1to3,5t08

Tavg =2.73°C

S.D. = (X(Tn — Tavg)’)/n)'"* = 0.061°C

where S.D. = standard deviation

Compared to Tavg, the logarithmic term in the equation for Two is small and is
neglected for the uncertainty analysis.
Two = Tavg = 2.73°C dTwo = S.D. =0.061°C

AT =0.37°C

SAT/AT = ((5Two/AT)® + (6 Tsar/ATY)'
SAT/AT = ((0.061/0.368)* + (0.01/0.368))'/*

0ATIAT = 16.8
D. UNCERTAINTY IN HEAT FLUX

q'-(Qh—2-Qf)/AbA

Qh=131.08W 0Qh=2.28W

Assuming the same proportion in the uncertainty for Qf (losses from the unheated ends):

Of = 1.6W 5Qf=0.12W

Qh—2+Qf=219W

3q 19 = ((SQRI(Qh =2+ QN) + (2« QfI(Qh = 2« Q) + (8Ab[Ab)}'?
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59 1q = {(2.28/27.88)% + (2 + 0.12/27.88)* + (0.0063)}} 2

§q'lqg =821

E. UNCERTAINTY IN BOILING HEAT TRANSFER COEFFICIENT

h=gq |AT

Shih = {(3q |q)* + (SATIATY}}'

Shih = {(0.0821)2 + (0.168)%}'/?

Oh/h = 18.7

Table 5.  UNCERTAINTY ANALYSIS FOR FOUR POINTS .

Parameters Smooth tube Smooth tube | High Flux tube | High Flux tube
_ 2685 Wim? 38440 W/m? 3070 Wim? 35590 Wim?

OQhIQh (%) 7.01 1.98 7.33 2.14

5AbJAb (%) 0.63 0.63 0.63 0.63

SAT/AT (%) 191 2.52 16.8 3.08

5719 (%) 7.79 2.18 8.21 2.23

ohlh (%) 8.02 3.33 18.7 9.40

Uncertainties listed in Table 5 show that the main source of uncertainty is in the

measurement and calculation of AT. The uncertainty in AT is probably due to inaccu-

racies introduced during the manufacturing process. For instance, the solder pools at-

taching thermocouple wires to the interior sleeve may have impurities (e.g. small air

gaps) which in close proximity to the thermocouple junction could affect the local heat

resistance and thereby the temperature. Eight thermocouples were used to obtain the

wall average and reduce this uncertainty. This also points out that further improvements

in accuracy must be made in this area first. Graphical displays of uncertainty are shown

in Figure 10 and Figure 11.
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APPENDIX C. REPRESENTATIVE DATA SET
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Date : 6 Aper 1992

NQTE: Program name : ORP72
Disk numbaer = 230
New file name: DATQ406142
TC is defective at location S
No defective AUX TCs exist
Tube Number: 4

Dats Set Number = ! Bulk 0il 2= 2.0

TIME: 16:89:03

TC No: 1 2 3 4 S 6 ? 8
Temp : 2.581 2.82 2.84 2.82 -99.93 2.61 2.682 2.686
TC No: ] 10 ] 'a 13 14 15 16

Temp : 16.87 27.84 22.11 26.61 10.17 27.9@¢ 18.5% 23.24
Tua ATuwa Tliqd Tliqd2 Tvapr Psat Tsump
2.62 21.89 2.28 2.21 2.28 -1.70 -18.5
Thetadb Htube Qdp Athetab Ahtube AuQdp
.356 1.71BE+03 6.112E+02. 19.325 5.093E+02 9.942E+03

Data Set Number = 2 Bulk 011 2 = Q.0

TIME: 16:1Q:51

TC No: 1 2 3 4 S 6 7 8
Temp : 2. M 2.72 2.73 2.79 -99.99 2.68 2.68 2.73
TC No: 9 10 1" 12 13 14 15 16

Temp : 16.87 27.86 22.10 26.8Q 19.1S 27.83 18.s86 23.2%
Tua ATuas Tliad Tliqd2 Tvapr Piaat Tsump
2.70 21.58 2.3 2.24 2.26 -1.69 -~-16.5
Thetab Htube = Qadp Athetab Ahtube AuQdp
+437 1.384E+@3 6.048E+@2 19.309 5.074E+02 9.798E+03

Data Set Number = 3 Bulk 011 2 = 0.0

TIME: 16§:15:44

TC No: | 2 3 4 S ] 7 8
Temp : 3.42 3.50 3.49 3.47 -99.99 3.40 3.40 3.52
TC No: 9 19 B 12 13 14 15 18

Temg : 16.86 27.86 22.87 26.53 19.08 27.9¢ 18.50 23.2%
Twa ATua Tligd Tligd2 Tvapr Psat Tsump
3.5 21.58 2.28 2.21 2.24 -1.72 -16.4

Thetab Hiube Qdo Athetab Ahtube AuQdo
1.206 1.307E+Q3 1.S77E€+03 19.342 G5.100E+@2 9.864E+03

Data Set Number = 4 Bulk 011 2 = 0.0

TIME: 16:16:21

TC No: 1 2 3 4 S 8 7 ]
Temp : 3.43 3.82 3.51 3.48 -99.99 3.40 3.40 3.54
TC No: 9 19 1 1o 13 14 19 18

Temg : 16.87 27.858 22.97 I16.82 1Q.12 27.33 18.51 23.24
Tua ATua Tliad Tliqd2 Tvapr Psat Tsump
J.46 21.59 o3t .22 2.27 -1.69 -16.4

Thetab Htube Ndo Athetadb Ahtube AuQdo
1.189 1.324E+Q3 1.574E+05 19.314 G5.I1Q6E+92 9.962E+03

Data Set Number = S Bulk 2il % = 2.9

TIME: 16:22:90

TC Mo: ! 2 3 4 5 ] 7 8
Temp 4.47 4,56 1.G64 4.60 -99.99 4.45 4.4 4.65
TC Mo: 9 19 1 12 13 14 15 16

68




Temp @ 16.92 27.79 21.99 I6.85 10.@8 27.86 18.44 23.18

Twa ATwa Tliqd Tliqdl Tvapr Psat Tsump

4.94 21.52 2.28 2.18 2.23 -t.74 -16.3

Thatab Hiube Qdp Athatab Ahtube AuQdp

2.321 1.270E+Q@3 2.948E+03 19.301 S.1QGE+QY 9.8SSE+Q3
Data Set Number = 6 Bulk 01l % = 0.0
TIME: 16:22:41
TC No: 1 2 3 4 ] 6 7 ]
Temp : 4.5 4.65 4,62 4.57 -99.39 4.45 4.a4 4.64
TC Neo: 9 19 1" 12 13 14 k-1 16

Tamp @ (6.81 27.78 21.98 2B6.55 10.06 27.86 18.45 23,17
Twa ATwa Tliqd Tliqd2 Tvapr Psat Tsumg
4,54 21.52 2.29 2.19 2.23 -1.73 ~16.2

Thetah Hiube Qdp Athetab Ahtube AulQdp
2.305 1.279E+03 2.948E+Q93 19.283 S.116E+02 9.8965E+03

Data Set Number = 7 Bulk 0:1l X = 3.0

TIME: 16:27:34

TC Ne: \ 2 3 4 S 8 7 8
Temp : 5§.83 6.95 6.89 6.82 -99.99 §.48 &£5.48 6.390
TC No: 9 '] 11 12 13 14 1S 16

Temp : 16.79 27.8Q¢ 21.97 2B6.57 10.00 27.88 18.43 23.19
Twa ATus Tliqd TliqdZ Tvapr Psat Tsump
§.70 21.%1 2.27 2.18 2.20 -1.75 ~16.2

Thetab Htube Qdo Athetab Ahtube AuQdp
4.484 1.269E+03 S.689E+03 '9.2968 S.113E+@2 9.867E+03

Data Set Number = 8 Bulk Oil X = Q0.0

TIME: 16:28:36

TC Neo: 1 2 3 4 S & 7 8
Temp : 6.5 6.95 6.89 6.81 -99.99 B.55 6.55 6&.95
TC No: 9 19 I 12 13 14 15 18

Temp : 16.89 27.88 22.06 26.685 10.20 27.96 18.54 23.27
Twa ATwa Tliqd Tliqd2 Tvapr Psat Tsump
8.72 21.81% 2.30 2.28 2.32 -1.86 ~IB8.1

Thetab Hitube Qdp Athetah Ahtube AuQdp
4.413 1,292E+03 S.709E+d3 19.313 S.131E+92 9.909E+03

Data Set Number = 9 Bulk 0il X = 2.0

TIME: 16:3@:19

TC No: ) 2 3 4 S 8 7 8
Temp : 6.64 6.99 6.94 6.86 -99.99 §&5.62 6.60 6.97
TC No: 9 1 11 e 13 i4 19 16

Tamp : 16.89 27.90 22.08 26.567 10.19 27.99 18.55 23.3¢
Twa ATwa Tliad Tliqd2 Tvapr Psat Tsump
6§.77 21.83 2.38 2.28 2.33 -1.83 -16.¢

Thetabh Htube Qdp Athetab Ahtube AulQdp
4.443 1 28GE+@3 S.710E+33 19.304 S.132E+02 9.906E+03

Data Set Number = 10 Bulk Otl % = 0.0

TIME: 16:36:47
TC Ne: 1 2 3 4 ] 8 7 8
Temp 8.87 9.158 9.03 8.95 -99.99 8.48 8.51 9.06
TC No: q 19 IR 12 13 14 18 18
Temp : 16.80 27.82 21.99 C26.59 10.903 27.90 19.44 23.21
Twa ATwa Tliad Tligd2 Tvapr Psat Tsump
8.77 21.S83 2.27 c.2 2.2 -1.,72 -15.3
Thatab Htube Qdo Athetab Ahtube Auddp

6.529 1.I92E+Q3 8.4315+03 19.288 S.135E+37 9.304£+03
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Data Set Number = 11 Bulk Qil % = 2.2

TIME: 16:37: 31
TC No: 1 2 3 4 s 8 7 8
Temg .87 9.1§ 9.27 8.6 -99.39 8.57 8.54 9.04
TC MNo: 9 10 T 12 13 14 19 16
Temo : 16,33 27.85 IZ.9! 265.6! 10.94 27.33 18.48 23.24
Twa ATwa Tliqd Tligd2 Tvapr Psat Tsump
-8.81 21.56 2.< 2.322 2.27 ~-1.7% -15.9
Thatab Htuhe Qdp Ati.ctab Ahtube AuQdp

6.549 1.298E+@3 B8.433E+05 19.302 S.141E+@2 9.924E+03

Qata Set Number = 12 Bulk 011 %2 = 0.0

TIME: 16:46:52

TC No: ! 2 3 4 S 8 7 8
Temp @ 10.81 11.49 11.44 11,32 -99.99 19.67 10.79 11.45
TC No: 9 19 1 12 13 14 1S 16

Temp : 18.85 27.92 22.83 26.87 10.02 28.92¢ 18.39 23.28
Twa ATwa Tliqd Tliqd2 Tvapr Psat Tsump
11,06 21.89 2.32 2.26 2.28 -1.87 -iS8.S

Thetab Htube Qdp Athetab Ahtube AuQdp

8.771 1,314E+@3 1.152E+@4 19.305 S.I152E+02 9.945E+03
Data Set Number = 13 Bulk 0il ¥ = 2.9
TIME: 16:47:44
TC No: 1 2 3 4 S 8 7 8
Temp : 1@.76 11.52 11.44 11.21 -99.99 1@.73 19.71 11.36
TC No: 9 10 " 12 13 14 15 16

Temp : 16.85 27.89 22.01 26.85 10.Q1 27.97 18.49 23.25
Twa ATwa Tliqd Tliqd2 Tvapr Psat Tsump

11,83 21.87 2.32 2.24 2.2 ~1.88 -15.4

Thetah Htyhe PETY Athetah Ahtube Auldn
8.759 |1.318E+Q3 1.154E+34 19.296 S.1B6E+@2 9.969E+03

Oata Set Number = 14 Bulk Q0il T = 0.0

TIME: 18:57:55

TC No: ! 2 3 4 S 8 7 8
Temp ¢ 12.48 13.36 13.26 13.10 -99.99 12.29 12.30 13.19
TC No: 9 19 ] 12 13 - 14 5] 16

Temp : 16.80 27.9! 21.99 26.56 9.97 27.99 18.45 23.2%
Tua ATwa Tliqd Tligd2 Tvapr Pseat Taump

12.77 21.56  2.23 2.18 2.18  -1.77 -14.9

Thetabh Htube Qdp Athetab Ahtube AuQdpn
19.576 1.332E+Q3 1.409E+Q4 19.366 S.1G8E+02 9.989E+a3

Dats Set Number = 1S Bulk O1l % = Q.0

TIME: 16:98: 31
TC No: ! 2 3 4 S 8 7 ]
Temp @ 12.40 13,36 13.29 13.13 -99.39 2.468 12.46 13.38
TC No: 9 19 || 12 13 14 15 18
Temp : 16.34 27.32 22.02 26.68 10.20 29.027 18.43 23.29
Twa ATwa Tliaqd Tliqd2d Tvapr Psat Tsump
12.84 21.59 2.24 2.19 2.22 ~=1.74 -14.8
Thetab Htube Qdo Athetalh Ahtube Auldo

10.619 !.350E+@3 1. .417E+Q4 19.363 S.171E+02 1.002E+04

Data Set MNumber =» 16 Bulk 01l % =~ 9.2

TIME: 17:25:90
T Ma: ! z 3 1 3 5 7 9
Tamp @ 14.31 16.25 15,14 14.72 -39.39 14,13 14.08 15.96
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TC No: 9 1Q I 12 13 14 1S 18

Temp : 16.84 27.94 22.04 26.69 1Q0.0T 129.22 18.43 23.26
Twa ATwa Tliqd Tliqd2 Tvapr Psat Tsump
14,82 21.59 2.28 2.23 2.19 -1.74 -14.5
Thetab Htube Qdp Athetab Ahtube AuQds
12.320 .365E+@3 1.673E+04 19.370 S.170€+d2 1.Q01E+04
Data Set Number = 17 Bulk 0il %2 = Q.0
TIME: 17:05:42
TC No: ! 2 3 4 S 6 7 8
Temp : 14,12 15,33 15,28 14.77 -99.99 14.1S 14,16 15,10
TC No: 9 1Q 11t 12 13 14 15 16
Temp : 16.83 27.93 22.02 26.69 9.96 28.02 18.49 23.28
Twa ATwa Tligd Tliqd2 Tvapr Psat Tsump
14.61 21.59 2.2 2.18 2.29 -1.75 -14.4
.. Thetab Htube Qdp Athetab Ahtube AuQdp

12.398 | .3S4E+Q3 1.679€E+04 13.375 G5.154E+Q2 9.986E+Q3

‘Oata Set Number = 18 Bulk 0il % = @.9

TIME: 17:19:46

TC No: 1 2 3 4 5 B 7 8
Temp : 15.64 16.91 16.80 16.36 -99.393 16.07 16.9t 18.72
TC No: 9 19 " 12 13 14 15 16
Temp : 16.68 27.63 2t.81 268.4@ 9.92 27.71 18.31 23.03

Twa ATwa Tiliqd Tliqgd2 Tvapr Psat -Tsump

16.24 21.37 2.25 2.16 2.i14 ~1.80 -14.2 -
Thetab Htube Qdp Athetab Ahtuybe AuQdp
14.067 1.4Q6E+Q3 1.978E+Q4 19.198 S.147E+02 9.881£+03

Oata Set Number = 13 8uylk 0il 2 = 0.0

TIME: 17:11:22

TC No: 1 2 3 4 S 8 7 8

Temp : 15.54 16.84 16.73 16.36 -99.99 16.06 15.96 1!6.8@

TC No: 9 19 1" 12 13 14 15 16

Temp : 16.88 27.64 21.80 26.4! 9.94 27.72 18.32 23.04
Twa ATwa Tliqd .2 Tvapr Psat Tsump

16.21 21.38 2.2% <15 2.1 -1.80 -l14.)
Thetab Htube Qdo Athetab Ahtube AuQdp
14.036 1.407E+Q3 1.97SE+Q04 19.207 S.139E+02 9.870E+03

Data Set Number = 20 B8ulk 0il % = 0.0

TIME: 17:16:98
TC No: ! 2 3 4 5 8 7 8
Temp : 17.40 18.39 18.23 17.64 -99.99 17.89 17.62 18.27
TC No: 9 19 1 12 13 14 3] 18
Temp @ 16.77 27.72 21.88 265.50 9.38 27.79 18.39 23.08
Twa ATwa Tliqd Tligqd2 Tvapr Psat Tsump
17.78 21.45 2.32 2.2% 2.20 -1.72 -13.9
Thetay Htube Qdp Athetab Ahtube Auldp

15.539 1.SI6E+@5 2.3S5E+d4 19.206 S.148E+07 9.386E+03

Data Set Number = 21 Bulk Ot} % = Q.0

TIME: 17:17:40
TC Mo: ! 2 3 4 S 6 7 9
Temp : 17.39 18.33 18.18 1t7.62 -99.39 17.92 17.84 18.74
TC Ne: 9 19 11 12 13 14 15 16
Tamp @ 16.77 27.74 1.1 26.57 19.27 27.82 18.47 I3.11
Twa ATua Tliad Tligdl Tvapr Psat Tsump
17,76 2147 2.32 2.2 219 -t.73 -13.3
Thetah Htuoe do Athataib Ahtube Auddo
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15.511  1.S22E+Q3 2.36QE+24 13.234 S.1S59E+@2 9.923E+03

Data Set Number = 22 Bylk 0il % = 2.0

TIME: 17:23:18

TC No: [ 2 3 4 ] 6 7 8
Temp : 18.56 18.95 19.94 18.14 -99.39 19.66 18.75 18.83
TC No: 9 19 1 12 13 14 1S 18
Temp : 16§.77 27.73 21.90 26.5Q@ 10.97 27.81 18.40 23.11

Tua ATua Tiiad Tliqd2 Tvapr Psat Tsump

18.65 21.47 2.28 2.2% 2,12 -1.77 -13.5

Thatab Htube Qdp Athetab Ahtube AuQde
16.455 1.728€E+Q3 2.838E+94 19.274 S.138E+Q2 9.9Q3E+Q3

Data Set Number = 23 Bulk 01l % = 2.0

TIME: 17:23:57

TC No: 1 2 2 4 S 5 7 8
Temp : 18.50 18.93 18.88 18.1t -99,93 19.63 18.72 18.8!
TC No: 9 10 1 12 13 14 1S 18

Temp : 16,77 27.74 21.90 26.52 10.05 27.83 18.42 23.12
Tua ATwa Tliqd Tliqd2 Tvapr Psat Tsump
18.63 21.48 2.28 2.22 2.12 =-1.78 -13.§
Thetab Htube Qdo Athatab Ahtube AuQdp
16.442 1,729E+03 2.843E+Q4 19.231 S.126E+02 9.889€+03

Data Set Number = 24 Bulk 0il 2 = 9.0

TIME: 17:29:40

TC No: ! 2 3 4 S 8 7 8
Temp : 19.09 19.38 19.33 18.42 -99.99 21.01 19.60 19.18
TC No: 9 19 " 1e 13 14 18 16

Temp : 16.83 27.80 21.96 26.58 10.09 27.87 18.47 23.14
Tua ATwa Tliqd Tliqd2 Tvapr Psat Tsump

19.23 21.83 2.29 2.18 2.17 -1.76 -13.1

Thetab Htube Qde Athetab Ahtube Auldo
17.829 1.969E+03 3.353E+04 19.320 S.122£+02 9.896E+Q3

Data Set Number = 2S5 Bulk Oil 2 = 0.0

TIME: 17:30:27

TC No: 1 2 3 4 ] 6 7 8
Temp : 19,10 19.42 19,32 18,42 -99.39 21.02 19.60 19.16
TC No: 9 19 11 12 13 14 15 18

Temp : 16.84 27.81 21.97 26.60 1Q.11 27.89 18.48 23.18
Twa ATwa Tliqd Tliqd2 Tvapr Psat Tsump

19.24 21.54 2.32 2.21 2.19 -1.74 =131

Thetab Htube Qdp Athetab Ahtube AuQdp
17.010 1.968E+@3 3.34B8E+Q4 19.317 S.1Q7E+Q2 9.865E+03

Data Sat Number = 26 Bulk 0il % = 0.0

TIME: 17:35:93
TC Na: 1 2 3 4 S 8 -7 8
Temp : 19.80 19.79 19.91 18,74 -99.99 22.75 20.47 19.48
TC No: 3 19 ] 12 '3 14 15 16
Temp : 16.81 27.76 21.93 26.54 10.06 27.83 18.48 23.13
Twa ATua Tliqd Tliqdl Tvapr Psat Tsumg
19.84 21,49 .21 2.10 2.1t ~-1.84 -12.7
Thetab Htube Qdp Athetad Ahtube AuQdo

17.705 2.449E+Q3 4.335E+Q04 19.36! 5.Q096E+02 9.86BE+d3

Data Set Number = 27 Bulk 211 = = 0.2
TIME: 17:36:50
TC No: 1 2 3 4 S 6

-~
@
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Temp : 13,62 19.31 13.82 18.76 -99,99 22.76 20.54 19.53

TC No: 9 19 [N 12 13 13 15 '8
Temg : 16.37 27.30 21.98 26.58 19.18 27.88 18.51 23.18
Twa ATwa Tligqd TliqdZ2 Tvapr Psat Tsump
19,87 21.55 2.33 2.19 2.29 -1.73 -12.6
Thatab Htube Qdp Athetab Ahtube AuQdp

17.639 2.4S6E+Q3 4.332E+@4 19.326 S.110E+@2 9.97SE+Q3

Data Set Number = 28 Bulk 01l X = 2.0

TIME: 17:40:06

TC No: ! 2 3 4 S B 7 8
Temp : 20.25 20.32 20.40 19.23 -99.39 24.53 21.18 20.00
TC No: 9 10 1 12 13 14 1S 1
Temp : 16.89 27.83 21.99 25.6Q0 19.17 27.91 18.53 23.22

Twa ATwa Tliad Tliqd2 Tvapr Psat Tsump

20.59 21.s8 2.32 2.28 2.4 -1.75 -12.3

Thetatt Htube Qdp Athetab Ahtube AuQdp
18.277 3.312E+03 6.0S4E+Q4 19,359 5.083E+02 9.839E+03

Data Set Number = 29 Bulk 0il % = 0.0

TIME: 17:40:48

TC No: i 2 3 4 S 6 7 8
Temp : 20.23 20.30 20.38 19.22 -99.99 24.51 21.17 20.00
TC Neo: 9 19 11 12 13 14 15 1]

Tamp : 16.85. 27.74 21,93 26.51 10.13 27.82 18.47 23.15
Tue ATuwa Tliqd Tligd2 Tvapr Psat Tsump

20.48 21.5) 2.33 2.28 2.16 =1,74 -12.2

Thetath Htube Qdp Athetab Ahtube AuQdp
18.254 3.306E+03 G65.034E+04 13.283 S.096E+02 9.826E+03

Data Set Number = 30 Bulk Qi1 % = 0.0

TIME: 17:41:22 -

TC No: 1 2 3 4 S B 7 8
Temp : 20.23 20.30 20.38 19.22 -99.99 24.51 21.17 20.00
TC No: 9 19 H 12 13 14 15 16

Temp ¢ 16.86 27.77 21,95 26.55 10.14 27.85 18.50 23.18
Twa ATwa Tliqd Tliqd2 Tvapr Psat Tsump
J0.48 21.53 2.30 2.27 2,13 -1.76 -12.2
Thetab Htube Qdp Athetab Ahtube AuQdp
18.275 3.310E+03 6.043E+04 19.323 S.100E+Q02 9.8S4E+23
NOTE: 29 data runs ware stored tn file DATA4Q6142

Date : 6 Apr 13992

NOTE: Program name : DRP72
Oisk number = 00
New fil= name: DATQ406042
TC 19 defective at location S
No defective AUX TCs =vist

Tube Number: 4

Data Set Number = I Bulk 0il X = Q.0
TIME: 17:48:186
TC No: ' 2 3 4 S 6 7 8
Temp @ 19.64 19.85 19.85 18.76 -99.99 22.85 12@8.54 13.54
TC MNo: g 19 " 12 13 1s 19 16
Temp '6.88 27.70 21.839 26.48 190.27 27.7 18.44 23.12

Tua ATua Tliad Tliqdl Tvapor Pasat Tsump

19.89 21.47 2.3 2.2 2.1 -1.78 -11.7
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Thetab Htube Qdp Athetab Ahtube AuQdo
17,700 2.481E+Q3 4.3926+Q4 19.279 S.110€+02 9.853€+23

Data Set Number = 2 Buylk Otl ¥ = Q.2

TIME: 17:49:07
TC No: ! 2 3 4 S 8 7 8
Temp : 19.64 19.88 19,88 18.78 -99.39 22.85 20.52 19.56
TC No: 9 ) Pl 12 13 14 15 16
Temp : 16.79 27.68 21.87 26.45 1Q.11 27.75 18.42 23.87
Twa ATwa Tliad Tliad2 Tvapr Psatl Tsuma
19.98 21.45 2.32 2.28 2.14 =1.7% -11,7
Thetab Htube Qdp Athetab Ahtybe AyuQdp

17.685 2.476E+03 4.378E+04 19.231 S.1126+32 9.930E+03

Data Set Number = 3 Bylk 0il 2 = @.0

TIME: 17:54:28

TC No: 1 2 3 4 S 6 7 8
Temp : 18.55 19.04 18,96 18.18 -99.99 19.78 18.77 18.87
TC No: 9 10 11 12 13 14 15 16

Temp : 16.70 27.6Q0 21.79 26.38 9.99 27.68 18.33 23.09
Tus ATua Tligd Tliqd2 Tvapr Psat Tsump

18.70 21.38 2.23 2.19 2.09 -1.82 -t11.8

Thetab Htube Qdo Athetab Ahtuybe AyQdp
16.552 1.755E+03 2.90SE+Q4 19.226 5.121E+@2 9.545E+@3

Oata Set Number = 4 Bulk 01l 2 = Q.9

TIME: 17:55:19 .

TC No: 1 2 3 4 S 8 7 8
Temp : 18.61 19.05 18.96 18.17 -99.99 19.76 18.85 18.89
TC No: 9 19 1 12 13 14 11 18

Temp : 16.71 27.63 21.80 26.4) 9.99 27.71 18.3%8 23.12
Twa ATuwa Tliad Tligd2 Tvapr Paat Tsump

18.73 21.40 2.28 2.20 2.12 =1.79 -11.5

Thetabh Htube Qdo Athetab Ahtube Auldo
16.551 1.7S6E+Q@3 2.906E+04 19.222 S.122E+02 9.854SE+a3

Data Set Number = S Bulk 0il 2 = Q.0

TIME: 18:01:43

TC No: | 2 3 4 S -] 7 8
Temp : 17.47 19.37 18,30 17.72 -99.99 17.94 17.6% 18.35 -
TC No: 9 19 B 12 13 14 - 18 16

Temp ¢ 16.70 27.80 21.78 26.39 9.96 27.67 18.32 23.97
Tus ATwa Tliqd Tliqd2 Tvapr Psat Tsump ’
17.82 21.37 2.23 2.18 2.9 -1.83 -11.4

Thetab Htube Qdp Athetab Ahtube Auldp
15,678 (.S5S5E+@3 I1.439€+04 19,225 S.140E+02 9.882E+03

Oata Set Number = 6§ Bulk 01l 2 = 9.0

TIME: 18:02:25
TC No: | 2 3 4 S 8 ? 8
Temp : 17.49 18.30 18.25 17.75 -99.99 17.9§ 17.62 18.23
TC No: 9 19 14 12 13 14 15 16
Temp : 16.75 27.71 21.86 26.50 9.99 27.79 18.39 23.i8
Twa ATwa Tliqd Tliqd2 Tvapr Psat Tsump
17.8@ 21.45 2.28 2.2 <.10 -1.80 -t1.a
Thetat Htube Qdo Athetab Antube AuQdo

15.627 ! .S6IE+Q7 I.447E+04 19.285 S.1S3E+Q2 9.338E+A3

Oata Set Number = 7 Bulk Otl % = 0.2
TIME: t1B8:Q97:14
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TC No: | 2 3 4 S 6 7 8
Temp : 1S5.29 16.40 16.31 15.94 -99.99 15.69 15,53 16.3S
TC No: 9 19 11 12 13 14 1S 18
Temp @ (6.74 27.72 21.84 26.5@ 9.89 27.8@¢ 18.38 23.t9

Tua ATwa Tliqd Tligd2 Tvapr Psat Tsump

15.92 2t1.44 2.22 2,13 2,14 -1.81 -11.4

Thetab Htube Qdp Athetab Ahtube AuQdp

13.656 1.4QCE+Q3 1.91SE+04 19.281 5,183E+82 9.937E+9Q3

Data Set Number = 8 Bulk Qil % = 0.0

TIME: 18:07:50
TC Na: | 2 3 4 S -] 7 8
Temp : 15,33 16.51 1[16.43 15.99 -99.99 15.53 15.55 16.40
TC No: 9 10 1" 12 13 14 15 16
Temp : 16.7S5 27.73 21.97 25.50 9.94 27.81 18.39 23.70
Tua ATua Tliqd Tliqd2 Tvapr Psat Tsump
15.86 21.48 2.23 2.18 2.14 -1.80 -11.4
Thatab Htube Qdp Athetab Ahtube AuQdp

13.690 1.397E+Q3 1.912E+04 19.290 5.138E+02 9.912E+03

Oata Set Number = 9 Bulk 0il ¥ = @.0

TIME: 18:12:30

TC No: 1 2 3 4 S 6 . 7 8
Teamp @ 12,40 13,42 13.33 13.93 -99.39 12.45 12.33 13.24
TC No: 9 19 11 13 13 14 19 18

Temp : 17.23 28.71 22.91 27.44 10.37 28.81 18.97 24.02
Twa ATwa Tligd Tliqd2 Tvapr Psat Taump

12.80 22.2¢ 2.28 2.23 2,22 -1.73 -11.a

Thetab Htube Qdp Athetab Ahtube AuQdp
10.564 1.337E+Q3 1.412E+04 20.002 S.198E+@2 1.Q40E+04

Data Set Number = 1@ Bulk 0il 2 = 0.0

TIME: 18:13:45

TC No: f 2 3 4 S 68 7 8
Temp : 12.22 13.34 13.25 12.95 -99.99 12.41 12.41 13.2S
TC No: ] 19 1 12 13 14 1S 16

Temp : 16.82 27.94 22.25 26.62 10.12 27.93 18.48 23.31
Twa ATua Tliaqd Tliqd2 Tvapr Psat Tsump

12.78 21.60 2.27 .18 2.20 -1.75 -11.4

Thetab Htube Qdo Athetab Ahtube AuQdo

19.536 1.340E+493 1.412EB+04 19.392 S.143E+82 9.973E+93
Data Set Number = 1! Bulk Otl £ = 2.0
TIME: 18:14:39
TC No: 1 2 3 4 5 5 7 8
Temp : 12.33 13.31 13.25 12.95 -99.39 12.39 12.36 13.24
TC No: 9 X" ] | 12 13 14 15 '8
Temp : 16.87 27.94 22.33 26.72 10.10 28.04 18.S3 23.37

Twa ATua Tliqgd Tliqdl Tvapr Paat Tsumo

12.78 21.87 2.23 2.20 2.19 <176 -11.4

Thetab Htube Qdo Athetab Ahtube AuQdo

10.547 1.340E+@3 1.413E+Q04 19,469 S.IGIE+@2 1|.00SE+Q4

Data Set Number = 12 Bulk 011 % = 0.0

TIME: 18:15:27

TC No: ! 2 3 4 5 6 7 8

Temp @ 12.28 13.35- 13.32 13.9Q@ -39.39 12.49 12,29 13.19

™" Mo: 3 19 1 [ I 1 15 16

Temp : 15.83 27.45 21.32 8.0 3.39 27.5@ 18.18 22.96
Tua ATwa Tliad Tii19d2 T.a0r Paat Teump
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12.79  21.27 2.29 2.24 2,23 -1.72 =114
Thetab Htube Qdp Athetad Ahtube AuQdp
19.545 1 .334E+03 1.406E+04 19.029 GS.060E+02 9.628€+03

Data Set Number = 13 Bulk O0:l 2 = 9.0

TIME: 18:20:06

TC No: ! 2 3 4 S -] 7 ]
Temp : 9.58 19.38 10.34 10Q.11 -99.99 9.68 9.65 10.23
TC No: 3 1] [} 12 13 14 15 16

Temp @ 16.51 27.11 21.70 2S.94 9.92 27.13 18.98 22.71
Twa ATua Tliqd Tliqd2 Tvapr Psat Tsump
9.93 21.98 2.2%5 2.19 2.2t -1.75 ~-11.8

Thetab Htube Qdp Athetab Ahtube AuQdp
7.718 1.297€+03 1.001E+04 18,862 5.09QE+QT 9.6Q1E+d3

Data Set Number = 14 Bulk 0il ¥ = Q.0

TINE: 18:20:40

TC No: 1 2 3 4 S 5 7 8
Temp 9.64 10.30 10.2} 9.96 -99.99 3.60 9.57 10.20
TC No: 9 19 11 12 13 14 15 16
Temp : 16.49 27.08 21.68 25.99 9.9 27.16 18.94 22.89

Tua ATwa Tliqd Tliqd2 Tvapr Psat Tsump

9.97 21.06 2.22 2.17 2.18 -1.79 -11.5
Thetab Htube Qdp Athetab Ahtube AuQdp
7.585 1.303E+03 1.001E+Q4 18.874 S.Q74E+02 9.577€+03

Datas Set Number = 1S Bulk 0il T = 2.0

TIME: 189:25:06
TC No: 1 2 3 4 ] 8 7 8
Tamp 6.06 6.3@ 6.25 &6.16 -99.99 6.20 _5.99 6.27
TC No: 9 19 " 12 13 14 15 16
Temp : 16.85 27.13 21.72 25.96 9.99 27.21 18.11 22.7%
Twa ATwa Tliad Tliqd?l Tvapr Psat Taump
6.12 2t.11 2.28 2.29 2.2 -1.74 -11.6
Thetab Htube Qdp Athetab Ahtube Auldp

3.893 1.267E+Q3 4.931€+03 18.889 S5.Q062E+@2 9.561£+03

Data Set Number = 68 Bulk 0:l 2T = 9.9

TIME: 19:25:41
TC No: t 2 3 4 ] -] 7 8
Temp : 6.02 6.37 6.33 6.22 -99.99 S5.98 S.9%9 6.32
TC No: 9 1@ 11 12 13 14 1S 1
Temp : 168.58 27.16 21.79 25.99 19.9t 27.24 18,15 22.77

Tus ATua Tliad Tliad2 Tvapr Psat Tsumo

6.1S 21.14 2.28 2.23 2.27 -1.89 -11.8

Thetabh Htube Qdo Athetab Ahtube #uQdo

3.881 1.271E+Q3 4.933E+Q3 18.876 S.26%E+Q2 9.567E+Q3
Data Set Number = 17 Bulk O:11l 2 = 0.9
TIME: 19:30:07
TC No: 1 2 3 4 S 8 7 g
Temp : 4.4§ 4,85 4.83 4.56 -39.99 4.42 4.43 4.64
TC No: 9 19 B 12 13 14 1S 16
Temp : 16.75 27.50 22.00 26.31 1@.14 27.59 18.34 23.05

Twa ATua Tliad Tliqdl Tvapr Paat Tsump

4.83 21.29 .30 2.24 2.27 -1.69 -11.7

Thatab Htube Ndo sthetab Ahtube AuQdn

1.285 .2GB6E+@5 1.353E+93 19.121 GS.29Q€+d2 9.73IE£+9d3

Qata Set Mumber = 18 Bulk D1l T = 0.9
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TIME: 18:30:52

TC No: 1 2 3 4 S 6 7 8
Temp : 4,49 4.65 4.64 4,58 -99.99 4.44 4.44 4.B4
TC Na: 9 19 (B} 12 13 14 (51 16
Temp @ 16.75 27.48 21.38 26.30 10.11 27.57 18.33 23.0S
Tua ATuwa Tliqd Tliqd2 Tvapr Psat Tsump
4.54 21,38 Q.30 2.24 2.28 -1.68 -11.7
Thetab Htube Qdp Athetab Ahtube AuQdp

©.262 1.2G99E+Q3 J.847E+Q03 19.104 S.067E+Q2 9.881E+d3

Data Set Number = 19 B8ulk 0il %2 » 0.0

TIME: 18:35:00

TC No: | 2 3 4 S 3 7 8
Temp : 3.39 3.46 3.48 3.42 -99.99 3.33 3.34 3.46
TC No: 9 10 11 12 13 14 1S 186

Temp : 16.68 27.38 21.91 26.19 10.12 27.45 18.27 22.93
Tua ATwa Tligd Tliqd2 Tvapr Psat Tsump
J.40 21.3@ 2.32% 2.20 2.22 -1.74 ~-11.8

Thetab Htube Qdp Athetab Ahtube AuQdp
1.176 1.306E+903 1.536E+33 19.079 S.060E+02 9.6S4E+03

Data Set Number = 20 Bulk 0il X = 0.9

TIME: 18:35:42

TC No: ! 2 3 4 ] 6 7 8
Temp : 3.42 3.48 3.49 3.46 -99.99 3.37 3.38 3.0
TC No: 9 19 1 12 13 14 18 16

Temp : 16.70 27.38 21.91 28.19 10.99 27.46 18,27 22.95
Tua ATua Tliqd Tliqd2 Tvapr Psat Tsump
3.43 21.30 2.30 2.23 2.27 -1.69 -11.8

Thatab Htube Qdp Athetab Ahtube AuQdo
1,165 1.319E+03 1.537€+083 19.034 S.083E+d2 9.676E+03

Data Set Number = 21 Bylk Otl %2 = 0.0

TIME: 18:40:25

TC Ne: 1 2 3 4 ] 6 7 8
Temp : 2.68 2.68 2.69 2.87 -99.99 2.84 2.8S 2.7
TC No: 9 10 " N 13 14 -1 18

Temp : 16.66 27.28 21.83 26.10 10.16 27.37 18.27 22.88
Twa ATua Tliqd Tliqd2 Tvapr Psat Tsump
2.67 21.25 2.23 2.21 2.23 -1.73 -11.9
Thetab Htube Qdp Athetab Ahtube AuQdp
.444  1,40Q4E+Q3 6.232E+@2 19.020 S5.044E+Q2 9.S93E+03

Data Set Number = 27 Bulk 0tl 2 = 0.0

TIME: 18:41:97
TC No: i 2 3 4 S 5 7 8
Temp : hA 2.7 2.73 2.70 -99.99 2.87 2.87 2.73
TC No: 9 19 ] 12 13 14 15 16
Temp : 16.67 27.3@ 21.84 26.11 10.97 27.38 18.22 22.90
Tua ATwa Tliqd Tliqd2 Tvapr Psat Tsump
2.79 21.2% 2.29 2..2 2.6 -1.70 -~11.9 .
Thetabh Htube Qdp Athetan Ahtube AuQdp

.439 1.41GE+Q@3 B6.216E+32 18.385 S.Q31E+Q2 9.551E+03
NOTE: 22 data runs were stored 1n file DATR406042
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APPENDIX D. PROGRAM SETUP72

Program SETUP72 is listed on the following pages. The program enables the user

to:

Ll ol o

Monitor coolant sump temperature.

Monitor liquid pool average temperature.

Monitor all thermocouple channel output temperatures.

Monitor voltage, current, and resulting power supplied to the upper tube heater

(main heater) as well as the resistance of the heater.

5. Monitor the voltage, current, and resulting power supplied to the lower tube heater
(auxiliary heater) as well as the resistance of the heater.

Program SETUP72 is written in Hewlett-Packard Basic 5.0 for the HP 9300 series

computer.
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PROGRAM:

0ATE:

NATA 9.1@985291 ,25727.343693 ,-767345.3295,79225€35.31 ,-9247486589,5
2.86192E8+13

SETUP

AUGUST 3, 1991
OROCRAMMER «
MODIFIED 8Y LAMNIE LAKE IaM 12, 1992
COM /0’ CLTH

LT DEAN sSUGIYAMA

DATA 3.24978E€+14
READ C(»}
ON “EY 1,1S SQTO 27

PRINTER IS !

PRINT
PRINT
PRINT
PRINT
PRINT
PRINT

- PRINT

PRINT
PRINT
PRINT
8ecP

INPUT

IF [do:S
IF Ido=0
IF Ido=1
IF ldoe~2
IF lde=3
IF ldo=4
IF ldo=S

PRINT

PRINT

USING
USING
usInNG
USINE
USING
USING
USIMNG
USING

ldo

“4Y " "SELECT QPTION"""
*6X,""3=MONITOR SUMP=""
*SX,""I=MONITOR LIQUID"""
"6X, " *2=CHECK THERMOCOUPLES"""
*6X,""3=CHECK MAIM HEATER""*
*S§X,""4=CHECK AUX HMEATERS"""
“8X,""S=EXIT PROGRAM"""

“4X ,""NQTE: KEY | = ESCAPE"""

THEN ldo=S
THEN S@
THEN 155
THEN 173
THEM 195
THEM 195
THEN 231

PRINT “SUMP TEMPERATURE 0E5 € °

PRINT

QUTPUT 7@9;"AR AF19 ALY URS®
QUTPYT 7@9:°AS SA~

Sum=3

FOR J=! T0 §

EMTER

799:€

SumaSum+E

MENT J

Eave=Sun’/S
Tampg=FNTvsv/Eave)
PRINT USING “4X MDD.00":Temp

BEEP
PQINT

WAlT §

5070 S92

°QINT
oqINT

PeINT

"LIQUID TEMPERATURE 0g& C*

QUTPYT 739:°AR AFIG 4L!T LRS-

Sum=@

€OR I}
uTRUT

SMTER

~29:€

SumeSum+g

T3 2
TR9:"

ag 3a°
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168 MEMT I

186  Esve=Sumi2

187 TampaFMNT g/ Cave)

169 ORINT USING *4Y¥ M0D.00":Tamp

......

159 8EEP

178 WAIT S

n 50TQ !G5

120

172 BRINT

178 POIMT “CHAMME! TEMPERATURE 0ES C°

i ded QUTPUT 7@9:"AR aFQQ AL 19 uge"
179  FOR e} TQ 292

179 QUTPYT 7@9;"AS CA*

199 Cum=0

191 FQR =1 TQ S

182  ENTER 799:€

183 Sum=Sun+E

194 MEXT !

195 Eave=Sun/S

196 Temp=FMT av{Eavae}

197 PQINT TAB(3):1:TAB(1S:Temp

198 NEXT I
189  BEEP

199 WAIT S
191 6070 173
134!

195 PRINT

196  QUTPUT 7@9:°AR AFI2 AL22 VRS"
197 FOR Ie1 TQ 3
198  QUTPUT 709:°AS SA~

199 Sum= . .
2920 FOR J=1 TQ S
2o EMTER 7929:¢
222 SumeSum+E
2233 NEXT !

224 IF I=! THEN Yolt=Suym/S

205 IF I=2 AMD Ido=3 THEN .
209 PRINT “MAKE SURE WOLTAGE 80X [S SET TO MAIM HEATERS"
218 Ama=Sum’/S

21 END IF =

212 IF [=3 AND ldo=d4 THEN

218 PRINT “MAME SURE VOLTAGE BOX IS SET TO AUX HEATERS*
217 Amp=Sum’S . .
219 END IF

219 NEXT I

223 Amn=a8G(Amge! . 3182

20 Uelt=ABSIUalt=2G)

222 Power=Uglt*Amp

223 Res:stencesicli Amp

224 PRINT

228 8geeP

228 PQINT “UOLTAGE V) TURRENTIA) RESISTENCE ohms ) PONEDQ( YY"
227 PRINT

229 PRIMT USIME 'Y ,SiMOD0D.0D ,4¥!":Ualt ,Amp Resi1stence Pouer
229 4alT S

233 GQRTQ 195

3 gee’n

212 paoInt

23 PRIMT "THAT'S AL FOLKS!”
234 MO
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235 DEF EMT.gy/t)

- —-t
3 cOM Cm DTN
- ALt ML R PR

227  TeCtO)

238 FOR lat TO T

239 TeT+C(ldsy-]

242  NEXT I

241 TeT+8 . 6IE897E-24T«( 2. 761199E-3-T+5.0509258€-5
242 RETURN T

25@  FNEND
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APPENDIX E. PROGRAM DRP72

The data acquisition and reduction program DRP72 is listed on the followin'g pages.
Program DRP72 is written in Hewlett-Packard Basic 5.0 for the HP 9300 series com-
puter.
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[
o]
2
42
ce
se
9
20
22
199
1
129
132
140
159
169
172
190
130

TrLE MNaMc: 00077

parTe: MaQcuy € 1eel
QEV[SED U InM QF 0pe7T1 ENR TW) TUBE nata
GEUISED 8v La
toM sIde: lda
BRINTER I5 !
CALL Selact

< N
a
n

nriie Lake

IMPUT "WAMT TQ ZELECT AMOTHER OPTICN f1=Y QJ=mpMi?° Tgael
[F Isels| THEM GOTO 79

9gsP

ezP

PRINTER IS !

PRINT "OATA COLLECTIOM/SEPRQOCESSING COMPLETED™

END

SuUB Main

COoM /TIdo/ lda

COM /Ce/ C(7) . lcal

coM suily 02,01 ,00,0 ,Lu ey

oIM Enf(l@),T(ZQ!,le(13),023(13),013(lB),Doa(!’),La(l}),Lua(|3),Kcua<13),

E:(19),Tn$(43( 151

229
210
229
239
240
252
2se
272
299
29e
I9e
310
329
330
340
359
360
370
399
320
100
110
122
130
140
452
4€9
179
499
130
£29
519

1
(&

(X}

S Uy e

[ERC NP OS]

Gy dd Y N

8§}

DATA 2.120@86091,25727,94369,-767345,8295,79925595. 31
DATA -92474986589,5.37699E+11 ,-2.68192E+13,3,94079E+14
READ C(+»

DATA “Smooth’ ,"High Flux®,*Tharmcexsl-E" *Thermoexel-HE"
DATA Smaoth .Migh Flux ,Turbo-8 ,High Flux Mod, Turho-8 Mcd
REAQ Tns(s)

PRINTER 15 70t

gEeEp

IF Ido=4 THEN PRINTES [S !

IF Idp=4 THEN SOTQ 20232

[MPUT “ENTER MQONTH, K DATE AMD TIME (MM:0D:MH:MM:SG " Datas
OUTPUT 709:°TD":Dat=s

QUTPYT 7Q9;°TD"

ENTER 729;:0ates

PRINT

PRINT * Manth, Date and Time :";Datse$
PRINT * Data :" DATES(TIMEDATE)

PRINT

PAIMT USING "12X,“~NQTE: Program name : DRP72-"~
gEEp

INPUYT "ENTER OISK MUMBER" Dn

PRINT USING "I18X,""0O:i1sk numher = "* 22":0n
gECP

INPUT "ENTER IMPUT ™MODE (@=39S54A,1=FILE" Im

geep

[NPUT "1 @R I TUBE OFERATION (ENTER | CR 2" Mumntu
agep

=t

TMPUT "SELECT HEATIMG MODE (Q=ELEC; !»WATER!" ,Ihm
geep

IMPYT "EMTER THERMOCQUPLE TYPE (Q=MEW 1=0LJ}" , [zal
1€ Im=@ THEM

gEEP
INPUT "GIVE A MAME S0OR THE QAW DATA SILE" D2_:laes
PAINT USING "'SX, "Mew fils ~ame: " 144" :02_f1!as

Sizel=22
CREATE 90AT 02_¢:l=2% 31
ASSIGH 2F:1=2 TQ 02 _5:l

w i

UMMY STLE UNTIL Megn VMOMM
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D1 _fileg= 0umMMy”

CREATE 90AT 01 _f:le$ S:ze!
AGIIGM 2F:1e1 TO O1_Ff:les
QUTPUT @F:le!;Dates

mn WD nh
19 — 9 )
DD DB

[€ [hm=d THEN

§4@  B8EEP

850 INPUT "ENTER NUMSER NF QEFECTIVE TCS (Q=DEFAULT)" [dte
559 IF I2tc=Q THEN

§79 L3sc1=Q

580 Ldic2=0

€3@ PRINT USING "I!6X,""Mo dafective TCs sxist"""

709 END IF

712 [F Idtc=! THEN

729 9eEP

732 IMPUT “ENTER DEFECTIVE TC LOCATION (1-8'" Ldtel
740 PRINT USING “I16X,""TC is defective at locstion *° ,D0";Ldtc!
783 Ldtcl=d

78Q@ END IF
779  IF Idic=l THEN
79@  9EEP

730 INPUT "ENTER DEFECTIVE TC LOCATIONS (1-8)° Ldtc! Ldts2

900 PRINT USING "16X,°°TC are defective at locations °° DD, 4X ,00"iLdtc) Ldtc2
818 END IF

322 IF ldte>2 THEM

930 BEEP *

840  PRINTER IS 1

9590  SEEP

11 PRINT “INVALID ENTRY"

872 PRINTER IS 70!

98@ &QTQ 640

99@ ENO IF

902 END IF

219 QUTPUT QFilet;Ldtel Ld%22

Ehed ] IF Humntu=! THEM GQTQ '19Q

33@ INPUT "ENTER MUMBER OF DEFECTIVE AJX TCS (@=DEFAULT)" Aidtc
949 IF Aidtc=@ THEN

953 Aldtc1=Q

962 Aldtz2-Q

979  PRINT USING "16X ,""No defective AUX TCs exist""*

99@ END IF
9390 IF Aidtc=! THEN
100@ @EecpP

1018 INPUT "ENTER DEFSCTIVE TC LOCATION (3-18)" ,Aldtel

1029 PRINT USING 16X, "TC is defective at location *" DD ;Aldtc!

1938 Aldtcl=92

1949 END IF

1953 [F Aidtcw=2 THEN
_IB3EQ 9ggEP

1379 IMPYT "EMTER QEFECTIVE TC LOCATIONS (3-!6)" ,Aldtcl ,Aldtel

1@8@ PRINT USING “16X ,""TC are dafsctive at lacations "" 00,4X ,00°:Aldic! Aldic

1299 ewp 1€

1100 IF a,dtz.2 THEN

111e 9egP

1128 pPaInTER 1§ 1

1170 oees )

ti1@  eamntT CItMual D ENTAv”
11SQ CRINTER 1§ <01

11€a saTo 240

11te Enp (F
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1130 QUTPUT @F le! aldezt aldtc?

113921 [m=! apiicn

1202 EL3E

1219 BEEP

1229 INPUT “GIVE THE NAME QF THE EXISTING DATA CILE" DI_f:les
1232 PAINT YSING "1S¢ ,""0ld file name: """ 14A";DT_Ffiles
124Q ASIISN 3F:lel TQ 02 Filaes

1262 EMTER QF1lel:Mrun

1262 ENTER @Fil2l:00lds

1279 PAINT USING "168X,""This data set taken on : ** 143":00ld%
1280 ENTER 9Filsel:ldte! L322l ALidet Altde2

1290 IF Ldic!>? OR Ld4tc21Q THEN

1300 PRINT USING "16X," "Thermocscunles wers defective at locatiqona:”" 2(30,4)";
Ldsat Ldt=2

1319 ENOQ IF

1329 [F Humntu=! THEN G0TQ 1350

1330 (F Aldtc!>2 OR Aldtc2: @ THEN

12740 PRINT USING "18X,""AUX Thermocouples uwere defactive at locations:™" 2(30 .4
XY :8ldte) Aldtel

1350 END IF

1360 ENTER @Filel:ltt

1279 END IF

139Q 1Idtc=@

1399 IF Ldtc!>9 THEN [dis=ldtc+!

1409 IF Ldtc2>@ THENM ldizwldics!

1419 IF Humntuel THEN GOTO 1440

1429 IF Aldtci>@ THEN AidisesAtdic+!

1839 IF Aldtc2>d THEN AidicwAidtc+!

1449 IF Im=@ AND Ihm=1 THEN 189S

1459 BEEP

148Q [INPUT “WANT TO CREATE A PLOT FILE? (@eN,ieY)" Iglot
1479 [F Iplatet! THEN

149@ 8EEP

1490 INPUT "SIVE NAME FOR PLOT FILE" P_filas

1S90 CREATE S0AT P_f:le$,4

1S13 ASSIGN 9Plot TO P_Filss

1929 END !IF

1€32 IF [hmei THEN

154@ 9EEP

1SS@ [INPUT “WANT TQ CREATE Uo FILE? (QsN,1=Y)" lyf

1S6@ IF Iuf=t! THEN .

1570 BEEP

1S8@ - IMPUT “ENTER Uo FILE NAME" ,UfileS

1599 CREATE BDAT Uftiles 4

1500 ASSIGM AUfils TO Ufilss

1§19 END IF

1629 B8EeEP

1623 [MPUT ~WANT TQ CREATE Re FILE”? (QwN, i=y)" Irs

1€4Q IF lraw) THENM

165@ B9EEP

16680 INPUT "ENTER Qe FILE MNAME" Refilss

18679 CREATE 9DAT Ref,le3,10

1530 ASSIGN JReflle TQ Qefiles

1€9¢ END IF

1720 eEMp IF

171@ ©PaINTER IS !

1722 IF lmsp THEHN

1720 9gEP

1719 POIMT USIMG "4x " "Salact tuybe Aumbe~'*"

1720 IF !hme=d THEM
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1782
1772
1732
1799
1829
1312
19209
1330
1340
1959
1969
1970
1932
1990
1300
1212
1929
1330
1949
1950
196Q
1379
19g@
1999
2000
2019
2230
2930
2040
20%9
2260
2979
<089
2990
a1
2119
2120
2130
2140
2159
216Q0
217a
2190
219e
2300
21
el L
3

2210
22se
225y
22
2232
227
239e
e
“=am

-——

22se

ERINT YSING °"S¥," "7 3macth 3 inch Ref""*"

PRINT USING "SX,""1 3maoth 4 i1nch Cu (Press/Slide) """
PRINT USING "SX,""2 Soft Solder 4 inch Cu"""

ORINT USING "SX ,""3 Soft 3Sclder 3 inch MIGH FLUY("""
ERIMT USING °§X,""$ Wieland Hard 9 inch*""

POINT YUSINS "SX,""S MHIGHM FLUX 8 inch """

PRINT LUSING °"6X,""§ GEWA-Y 40 Fins/in"""

PRINT USIME "SX,""7 GEWA-K 2§ Fina/in"""

PRINT USING “SX,""9 GEWA-T 19 Fins/in"""

POINT USING *SX,""9 GEWA-T OR GEWA-TY 26 Fins/in*""
PRINT USIMG "SX ,""19 THERMQEXCEL-E*""

PRIMT USIMG *6X ,°"!! THERMOENCEL-HE""*

PRINT USING *8X,"~12 TURBO-8"""

PRINT USING “SX ,*~"12 GEWA-Y 19 Fins/in"""

ELSE

PRIMT USIMNG “6X,”"3 Smoath tube """

PRINT USING “BX,""! High Flux"""

PRINT USING *SX,""2 Turbo-8""°

PRINT USING °6X,""3 High Flux Med*"*®

PRINT USING "EX,""4 Turbo-8 Mod"""

END IF

INPUT Tt

QUTPUT dFiletsItt

END IF

PRINTER IS 791

IF 1tt<1@ THEM PAINT USING "16X,""Tube MNumber: RN s RS £ 11
IF [t4>9 THEN ORINT USIMG 16X ,““Tube Numbsr: “*, 00T
IF Ihm=t THEN PRINT USIN6 “16X,""Tube Type: “* L 1SA";Tns([tt)
BEEP

INPUT "ENTER QUTFUT UERSICN (@=LONG,!=SHORT ,2=NONE" lav
9EEP

INPUT “CSELECT (@eLIQ,1=VAP 2=(LIQ+UAPY/2)" 1lav

OIMENSIONS FQ TESTED TUBES

ELECTRIC HEATED MODE

Di=0iameter at thermocoupl!s positions

DATA .0111135,.0111125,.0111125,.0129540,.912445,.0129549,.010096S
DATA .Q2100965,.81157,.91157,.01157,.01157,.21157,.210096S

READ Dtals)

Di=0taCItt)

02=0iameter of test secziion to the hase of fins

DATA .015975,.015875,.015875,.018824,.015875,.015824,.31270
DATA .2127,.0139,.2138,.0138,.0138,.0138,.0127

READ Dla( )

Di=lnside Jiameter of unenhanced ends

DATA .0127,.0127,.0127,.0132,.0127,.0132,.011112G,.8111125
DATA .0118,.21t9,.0119,.,2119,.2119,.2111125

READ Dis(e?

OgewQutside diameter of unanhanced 2nds

0aTA |, 315837S,.81587%,.01€975,.015324,.215875,.015824,.91270,.21279
QATA Q1331 ,.21331,.21331,.21331,.8153,.2127

QEAD Doa( s

Usl_angth 2f anhanced surface
CATA 1215, .1316,.'91G . 1916 ,.2032,.2932,.2922,.20932,.2932,.2922,.2922.,.29

B et

-~ ape.
-, L2@eZ2 FRRIRSS o Ry

READ Lale

2342




2zs0!

23891 Lu=lLangth of unenhanced surface at the ends

2379 QATA Q254 ,.23C4,.2254,.22%4¢,.0762,.0762,.3762,.0752,.27€2,.0752,.08752 ,.07
€2,.2762,.28762

2280 PEAD Luals?

22991

21Q@) Ycu=Tharmal Conduct:vity of tube

2410 0ATA 399,344,344 ,45,744,45 344,244 ,399,398,599,399,399,344

2423 QEAQ Keual(s!

243@ IF Ihmei THEN

2440

245Q) QOata statements for water heat:ing mode

2480!

2479 (CATA 2.91587%,2.215375,2.2163,2.92139,2.21689,2,0,0,2,2

249@ REAQ Q2ale)

2430 DATA 0.2127.2.2127 ,2.2145,0.2127.,2.0145,2,2,2,2.2

2S00 RQEAD Dia( s

2812 DATA 9.215875,02.215375,2.4169,2.315875,2.9163,2,4,0,0.2

2820 READ Qoalse!

2532 DATA 0.3048,0.3048,2.3048,2.3048 ,0.3048,0,0,2,2,2

2S4Q READ La(e)

255@ DATA 0.0254,2.0254,92.2254,2.0254,0.0254,0,2,2,2.9

2S6@ READ Lua(+}

2570 OATA 398 ,45,398,45,399,0,9,0,2.,2

2630 READ Keua(s)

2€99 END IF

2680 02=02a¢ 124

2513 Di=0ta(lts?

262@ Ooc=Doa(lt!!

2638 Lstatlst)

2840 Lu=lua(lt:)

2830 KcusKcua(lt:?

2880 Yn=.8

2873 Fre.3

268G IF Itt=@ THEN Cf=1 72€+9

2698 IF [ti:@ THEN Cf=3.7Q37E+10

2790 AnP[e(Do*2-0:1"2})/4

2713 Pefl+00

2720 IF lhmet THEN

2739 QeEd

2742 INPUT “TUBE INITIATION MCDE. ( 1=HQOT WATER 2=STEAM, 3=COLD WATER)" ,Itim
2783 IF I[tim=! THEM PRINT USING “15X,*"Tube Initiste: Hot Water*""

2768@ IF Itim=2 THEN PRINT USING "16X,""Tube Inittate: Steam™""

277@ IF [tim=3 THEN PRINT USING "16X,""Tube Inittate: Cold Water*""

2780 IMPUT “TEMP/UEL MODE: (@«T-CONST U-DEC:!=T-DEC ,U-CONST; 2=T-INC,U-CONST)",
re.,

2790 IF It.=Q THEN PRINT USIMG “1EX,""Temp/Uel Made: Constant/Decreasing”*"
2900 IF Itvel THEM PRIMT USING "16X, "Temp/Uel Mode: Decrsasing/Constant""
2910 IF Itv=2 THEN PRIMT USING °“16X,""Temo./Val Mode: Increastng/Constant""*
2922 INPUT “WANT TO RUN WILSON PLOT? (1=y @=N)" Iwtl

2920 IF [hm=! AND lwil=@ THENM

2940 IF [tt=@ THENM C:i= 232

2952 IF Itie) OR Iftt=3 THEN Ci=.359

295Q@ IF Itt=2 OR Itt=q THEM C:= 362

2979 ggeP

2999 INPUT "ENTER T ' 0EF: WH=.Q32 HF=,953 T8= 262" C.

2930 PSRINT USING “'5Y, 'Siecder-Tate “°*

2900 PRINT USING "151,'" Sonstant = "= ,1.40":C.

2919 €NOD IF

2922 ENO IF
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- (2]

2930 IF Thmat AND Tma! oMO Tyil=) THENM
2942 IF It2=d THEN Ji1= 920

28C3 IE [ssa) OO Iite3 THEM C1=.253
2980 IF Itte? QR Iti=g THEM C:=. 262
2972 ASSIGN QF:lel TO o

2880 CALL UYW:lsen(Cf Cj!

2998 ASSIEM ilel TO DI_Ffiled

2009 EMTER 2F:1a22:Nrun Dolds, Ldéz! Ldtcl Itt
3019 END (F

32272 Naub=2

2030 IF !dpe=d4 THEN lhm=t

3043 IF lhm=t THEM Nsub=S

305Q Ntce&
206@ IF Thmed THEN Nic=22
3078 J=1

090 S«=0

3299 Sy=2

3100 Sxs3=2

3110 Sxy=9

3120 Repeat: |

3130 IF Ime@ THEN

3140 Dtlde2.22

3150 ldow=2

315@ ON XEY 1,15 RECOVER 3129

3178 PRINTER IS ¢

3190 PRINT YSING 4X ,“"SELECT OPTION"""°

319@ PRINT USING “BX ,“"0=TAKE DATA"""

3200 IF Ihme=@ THEN PRINT USINE °“SX,""1=SET HEAT FLYX"°~
3219 IF Ihmel THEN PRINT USING “6X,”“1=SET WATER FLOW RATE""*
3229 PRINT USING °SX,""2=SET Tsat""*

220 PRINT USING "6X,"“3=SET AUX MEAT FLyUX""*
2240 PRINT USING “4X ,"°"MOTS: KEY 1 = ESCAPE"""
3262 BEEP
3250 INPUT Ido
327 IF Ido>3 THEN ldoe=3
2290 [F Ido=@ THEN 5299

33001 LOQP TO SET HEAT FLUX OR FLOWMETER SETTING
3310 [F Ide=1 THEN

3320 IF Ihmed THEM

3330 OUTPUT 799:"AR AF20 AL2! URS®

2348 BEEP ’

3350 [INPUT °"ENTER QESIRED Qdp~” ,0ado .
336@ PRINT USING ~4X ,""DESIRED Qdp ACTUAL Qcdp°""
3379 Err=1002

3290 FOR I=1 TO 2

3399 QUTPUT 794:°AaS 3A"

3400 Sum=9

3412 FOR Jie) TO S

3422 ENTER 7049:€

3439 SumeSum+E

2449 NEXT !}

3459 IF D=t THEN Yol‘t=»Sum’S

460 IF I=2 TWEN Admp=Syum-G

3479 MNEUT I

3490 Ampe=A8S(Amge) . 3132

7499 Yolt=ABS(Malt=2lE!

S0 AqcoaliclichAmg /DT eNTel

€12 IF ag¢iagap-dgag -~ THEN

18I0 IF Aagdo. Dadzs THENM

Teee . -

88




2520
3540
3--1
3sse
2579
359¢
3ss9
3520
2819
3629

ZEZD

3840
2550
€60
l67e
3629
3590
3729
31712
3729
373e
3740
3752
378Q
hyad 1l
37%9!
3790
3s00
3819
3820
383!
1340
3950
31960
3979
Igg0
3820
39ee
3910

3922

QEER 3999 .
9EER J4e2e .
8EEP 1900,.
€ s

_————

gEcP I82,.
oEEDp ~5n
<g9,.

-——

S€EP l%0,.
END IF

28313

(PR

PRINT USING "4X ,MI.3DE I¥ ,MIZ.305":0adp ,Aqdp

WAIT 2
5070 3390
ELSE
gesp

PRINT USING “4X MI.3ZDE X MI.3DE";Dadp ,Aado

Err=5020

cWALIT 2

SQTO 3290

EMD IF

ELSE

BEEP

INPUT “EMTER FLOWMETER SETTING" ,Fms
S0TO 3199

ENO IF

END (F

LOOP TO SET Tsat

IF ldo=2 THEN .

IF Ikdte! THEN 3850

ggEp

INPUT "ENTER DESIRED Tsat™ Dtld

PRINT USING “4X,"" DTsat ATsat Rate
Thgtet

Old1=0

01d2=9

Nne=|

Nrs=Nn MOD 1S

Mn=Nn+ |

[F Nrs=t THEN

IF Ihm=@ THEN PRINT USING “4X,*" Tsat

IF Ihme1 THEN PRINT USING ~4X, *" Tsat

¢ Toile Taut*""

3930
3940
2350

-

3980
3979
399¢
3999

4000
4012
4Q22
42292
4040
19S2
1989
1279
1099
4290
1199

END IF

T Rate™""

Tld? T1d2

Tldl T1d2 Tv

IF [hm=@ THEN QUTPUT 709:°AR AFIE AL!9 URS"

I[F Ihm=! THEN QUTPUT 729:"AR AFQ ALS URS"

FOR [=1 TO S
IF [hm=Q AND [ 4 THEN 4240
Sum=@

OUTPYT 7@9;"45 SA~
FOR Ji=1 TO 20

ENTER 709:El:q
Sum=sSum+E] 1 q

MENT !:

SligeSum/19
TideENT 9 (€11

IF [=! THEN Tldi=T!d
[F I=2 THEM T1dl2Tlg
IF 1w3 T4EM T.=Tld

[€ [=4 THEMN Taymp=T!d4
[€ T=C THEM Tinlet=Tid

89

Ty T Taump

Tsump Tinle




4119 IF I=§ THEN Tout=aTld

4129 MEXT I .
1123 IF lhm=l THEN

1142 0UTPYT 7@9:°AR AF3Q ALJQ “BS"
1169 QUTeYT 7929:°AS SA-

1189 Sum=2

4179 FOR Kke! TO 22

419@ ENTER 729:E

4199 Sum=Sum+E

4229 NEXT ¥k

4213 CEmf! 7 )=ABS Sum/2D)

4222 Toilae=Emf(7)/3.36E-1

1239 END IF

4240 Atldw(Tldi1+Tldle . C

125@ [F ABS(At1d-0tld) .2 THEM
4280 1€ Atld>Dild THENM

4279 9EEP 1000,.2
4239 BECEP 4000,.2
4230 9EEP 4009,.2
4300 ELSE

4310 BEEP 250,.2
4320 Besp 289,.2
4330 BEEP 250,.2

4340 END IF

4350 Erri=Atld-0ld!

43EQ Qld!=Atld

4370 Err2=Tv-01d2

4399 Q1ld2=Tv

4399 IF Tid1>100. THEM 4440

4400 IF Ihme=Q THEN ORIMT USING ~4X ,5(M000.00,2%";0t1d T1d1 ,71d2,Tv ,Taump

141'Q IF [hm=1 AMO Idp=2 THEN SOINT USING "4X,7(MD0.00 2¥ ;0 1d T8l T1d2 ,Tv T
umz ,Tinlat Tpile

4429 IF Ihm=! AND Idp=4 THEM PRIMT USING "4X,5(MQ0.00,2%,3(M30.00,2X";0t14,71
41,7142 ,Tv , Tsume ,Tinlad Toile Tout

4439 uAlT 2

444Q G0TO 38890

4459 ELSE

4460 IF agS(Atld-0tld’>.1 THEM

4470 IF Atld>Dtld THEM

4499 B8€EEP 3000,.2

449@ BSEEP 3000,.2

4502 EL3E

4510 SEEP 300,.
4S2% B8EEP 300,.
452@ END IF
4540 Err-t=4tld-31dt

1S58 Q2l41=Atld

4639 Errl=T.-01d2

4870 Nldl=T.

1630 !F [hmw@ THEN PRINT USING “4X,S(M000.00,2X":0tld,Tld! ,T1d2,Tv Tsump

4599 IF Ihms| THEN PRINT USING 4% ,5(MDD.00,2%»,3¢M3D.00,IX":0t1d,Tid1 T1d2 T~
,Teumo ,Tinlet Toile Tout

1€22 4aAlT 2

1619 5070 38392

1623 ELSE

1€29 QEE=P

1630 Er~'=Aasl4-01

1EST3 Nldt=atlg

1GEQ <Er-lsal.-0| 42

1672 Qlal=T:

[N
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1630 IF Thm=3 THEM OAINT USING "4X,S(MCOD.0D, 2% 1" :0%1
4S20 IF Ihme! THEN PRINT USING “4¥ 2/MDD,0D 2¥)":0%ld,
Toile , Tout

i7ee WAIT 2

110 GATO 2899

4722 EMND IF

4720 END TF

4713 EMO IF

aTse

4760 LOOP TQ SET AUX HMEAT FLUX

1779 IF ldaow=3 THENM

4730 IF [hm=@ THEM

4T8¢ ORINT * SET UOLT 80Y TO AuX”

1300 QUTPUT 729:"aR AFJQ ALIZ URS"

481Q BEEP

4829 INPUT “ENTER QESIRED AuQde” ,Ouxadp

4820 PRINT YSING "2X ,“"0ESIRED auxQda ACTUAL AuxQdp™""

1849 Crr=1900

198Q FOR (=1 T0 3

486Q@ OQUTPUT 709;°AS SA"

487@ Sum=@

48808 FOR Ji~t TO S

4990 ENTER 709;E

4998 Sum=Sum+E

49123 NEXT Jit

4929 IF I=) THEN Yolit=Sum/S§

4930 IF [=3 THEN Amp=Sum/S

4949 MEXT I

4950 Amp=AB8G{Ampet!. 3182 -
4360 Yali=ABS(Ualt*2%) =

4970 Auxgdp=VoltsAmp/!PIsD2e)

4999 [F 48S(Auxqdp-Ouxgds )*Err THEM

4399 [F Auxqdp Cluxadp THEM

€200 BEEP 4000,.

G319 SEEP 4000,.

5020 BEEP 49000,.

8039 ELSE

€040 9EEP 2%0,.

G259 D9EEP 2%0,.

S@6Q 9EEP 2%0,.

5070 END IF

€@80@ ORINT USIMG "4X ,MZ.30E ,2X MZ.3DE";:Duxgdo ,duxgdp

5090 walT 2

S100 GOTO 4850

5119 ELSE

€129 BEEP

G130 PRINT USING “4¥ ,MI.ZDE, 2X ,MZ.J0E":0uxqdo ,Au~ads

140 Er~=SR0

a2, T+, Tsump
2,7y Tsump ,Tinlet

2

ISR NS

5162 WALT 2
159 G0TC 4850
S179 ENQ [F

5180 5070 190

g138 cMO IF

€220 ENQ IF

213! ERAPOR TREP £NA lds QUT 2F GOUNDS
3222 [F [ds.3 THENM

3279 9eceP

gla@ =072 Iten

3% €MD IF

gl80¢
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TAVE QATA [F Im=3 LOCP

IE Ikalw) THEN &332

EEP

INPUT "EMTER SQULK QIL 2" Seps

Ikels!

IF Ihm=sd THEN QUTOYT TRQ:"AR AF2Q AL!3 URS"

1€ Thm=| THEN QUTOUT TA9;°A0 AF3 ALS URS"

IF [hm=Q THEN Mic=29

FOR I=1 TO Ni¢

QUTPUT 7@9:7AaS SA”

Sum=3

FOR Ji=! TQ 29

EMTER 7Q9:€

SumeSum+E

1€ [=(17-Mayb! OR I=(19-Nsub! THEN Et(Ji-1=E

NEXT Ji

dl=@

I[F I=(17-Nsub) QR [=/18-Msyb) THEN

Eava=Sum/20

Sum=9@.

FOR Jk=Q TO 19

IF a@S{Et{Jlk)-Eave(S.0E-6 THEN

SumeSum+E€L(Jk)

ELSE

Kdl=Kdl+!

END IF

NEXT Jk .

[F I=(17-Nsub) OR I=(18-Nsub) THEN PRINT USING ~4X,"°"¥dl = *° D0°;:Kdl
IF Xd1>1@ THEN
8E=P
2esp
ORINT USING "4X,""Tac much scattering in data - repeat data set"""
5070 3172 .
END IF

END IF

Emtt ] 1eSum/20-Kdl?

NEXT [

IF Ihme| THEN

QUTPYUT 799; AR AFGQ ALQQ URS”

QUTPUT 709:°AS SA”

Sum=@

FOR Kke=! TQ 20

ENTE2 70@9:E

Sum=Sum+E

© ONEXT Kk

Emf(7)mABS( Sum) /20
END [F

[F [hme@ THEN
Coun=0.

AYTOUT 729;: AR AF23 ALIZ2 VRS”
F0Q te) TO 3

QUTPLT 7@9:°AS SA”
Suns=9

FNA J:=1 TQ §

ENTER 709:€
Sun=Sum+E

NEXT ],

€ Coun=9. THEMN

IE st TUEN trelyum
IF [=22 THEN IreSym:

i
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(G (0 10 (0 W W W

NN G W nan
i)

N & (411 - 30 (O
B3O G0t

1
[
[t

€360

5980

=121

gagn

=35>

ceeo
€919
6029
5039
5249
50591
50691
507@
€999
se9e
6109
5110
6122
5130
6149
6152
6160
5170
6130
51390
6200
6319
6222
8220
5240
52c0
glce
5270
5280
5299
5320
£319
5329
5330
£Z49
gIce
5250
>Te
53329
5299
5400
c410
5422
g4z0
R440Q
2459
3462

n

[

m

IF Ia=tl THEM AvreSum/S

IF [=3 THEN apr=Sum 'S

END IF

MENT I

1€ Wumntyu=] THEN G0TH 5210

IF Ccun=0 THEN .

PRINT “SHIET QOQLT 90x TQ Aux*

END IF

[F Coun=t THEN GOTO S202

INPYT "TAKE AUX READINGS(!=YES)?" Czon
Caun=Caun+lzan

5079 S779

EMD [F

ELSE

I Ihm=Q THEN EMTER 9Filel;800,Tolds ,Emf(s} VUr Ir Avr Air
I[F Ihme! THEN EMNTER 2Filel:Sop,Talds Emf(s) Fms
€MD IF

CONVERT emf'S TQO TEMP ,UOLT ,CURRENT
Twa=@

Atya=d

FOR I=1 TQ Ntc

[F [d%c>Q THEM

I[F [=Ldtz! QR [=Ldts2 THEN
T(1)=-99 39

5070 s3e?

EMD IF

END IF

IF Humntu=! THEN G50TO 5230
IF ALdtc:@ THEN

IF I=Aldtc! OR I=Aldtc2 THEN
T([)=-39 99

GOTO 6320

ENO IF

END IF

IF [ttc4 AND Ihme3 THEN

IF 14 AND [<9 THEN
T(I'=-99.99

60T S300

END IF

END IF

T(I)=FNTusv(EmF(]})

NEXT I ’

I[F Itt<4 THEN

EOR [=1 TQO 4

IF I=_dtc! QR l=Ld4c2 TUEN
Twa=Tuwa

ELEE

Tua=Twa+TI L}

END IF

NEXT !

TuasTyas/!d-Tgtz )

cL3E

[F [hm=) THEN 5600

FOR (=1 TO 3

[FF I=i d¢zt OR [=Ldez TUEN
czE

TugmTogaeTi

93




gNg IF

MEXT I

TusTua. '9-[dtc

I1E Hymntoes)] TUEN G0TO 2800
€OR (=23 7] 1§

Atsa=”rtus

ELS3E
Atya=AtuarT( )

ENQ IF

MEVT T

At yu=Atya/ ! 3-A1diz)
END [F
TideT 1 7-Mgub}
TIdI»T( 18-Nsul?
Tida=({Tld+T]dd e .S
TveT(19-Nayh}

IF %3 ANO [hmed THEM

T1d42~-99.99

Tee{ T(1@ 4T /2
END IF
Taump=T(2@-Nsub}
IF [hm=@ THEN §72Q
TinlateT({13=-Nsub}
Tqut=T{ 1 d~Nsub

I[F [hme@ THEN
AmpeAB5( Ire! 9182
Valt=ABS(Ur 1e2S
Qelgl Lt sAmp

If Humntuy=! THEN GOTH 5300
Aysmp=AR9S(Aires1 9192

Ayval t=A85(ayvr 25
Aug=duvoltsAuamp
END IF

[F 1tted aND [hm=d THEN

KeueFMKzy! Tw?
ELSE
Kou=Moya( st
ENO IF

FOURIER COMOUCTION EQUATION WITH COMTACT RESISTANCE NEGLECTED
IF lhe=@ THEN Tw=Tuw-QeL0G(02/01)/12ePloKzusL)}

[F dumnty=! THEN GOTO 5912

I[F IThmeQ THEN Atw=Atw-AuqelLOG(D2/01)/(JePe¥cuysl )

IF llqv=@ THEN Tsat=Tlds

IF [lav=] THEM TaatsTy

IF [lqu=2 THEN TVyat=(T!ldg+Ty)e §

IE Thme! THEN
Tavg=Tinlet

Grsd=37.3953+. 134299 Tavg

Tdrap=ABS CEmf( T el E€45/({1Qe5rad)

TavgeoTinlest=Tq4rane .S
€ agq( Tavy-Tavge . .2!

Tavg=!Taug+sTavgo e &
5379 5769
eMp IF

SOMPUTE WATED 200PEETIES

1€ [hme! TuEY

Lo aEME e Ty
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7RI MyuwasFNMyw: Tavg!
Tee2 Cow=FMCou(Tavg!
TO20Q PrusFNPru(Tavg!
7120 Show=FNRRow(Tavg)!
T3 Tui=Tavg

T

T1Z3' Caomputs MCCT
7140 Mdote3. IESTE-3+Fmger 3,6195CE-3-Fmael 3, J2BOEE-5-Emso( | . 23639E-7-Fmasd. 31397
g-121))

7159 Mdot=Mdote( 1 .A3ES-Tinlet+(! IGEI4E-3-Tinlat+5 252E-5)/1.0037
7182 Wdi=2

7179 Q=Mdot+CpusTdrap

7190 LatdmTdrop/L0G i Tinlet-Teat )/ (Tinlet-Terop-Tsat)!
7130 Uo=Q/!DlsQcelslntd)

7200 Ruw=0o0+L0G(Da/0:i /02, e¥oy
7210 Ty=Tsat+freimtd

7229 u=sMdot/(QhowePI+01-2/4)
7230 Reuw=Rhowelw+Di/Muua

7240 HieCieKu/0OisRew” . I*Pru(1/3. s (Muwa/FNMyw( Twi .13
7252 Tuicw=Tavg-2/!PIsDoeLsHy)
7280 IF ABS(Twi-Twic)>.21 THEM
727 Twi=(Twi+Twic'e.S

723Q¢ S0TOQ 7240

7290 END IF

7302 Twi=(Twi+Twicz)s.8

7318 Ho=1/(1/Ua-02/'01+Hi }-Ru}
7329 END IF

7329 ENO IF

7349 [F Ihm=1 THEN

73S@ Thetab=Q/(HoePleDoel !}

7360 Tu=wTsat+Thetabd

737@ ELSE

7382 Thetab=Tu-Tsat

738!  [F Humrtu=l THEN G0TO 7400
7399 Athetab=Atw-Tsat

7423 ENQ IF

7410 IF Thetsb’@ THEN

7429 BESP

7430 INPUT “TWALL-TSAT (@=COMTIMUE, '=END'" , lev
7449 IF [ave=3 THEN GOTO 3130
7489 IF lev=! THEN 9930

7462 ENO IF

747¢ IF Hwumntu=! THEM GO0TQ 7540
7490 IF Athetab<@ THEN

7493 QEEP

TEQ9 INPUT "AUX TWALL<TSAT [(2=CONTINUE, 1=END!" ,Apev
7€!'0 IF Ais=ved THEM 5QTQ 3132
7522 IF Apev=! THEM 3930

TEIQ EMND IF

Tg401

TCS5@1 COMPYTE aP[NUS PRABERTIES
TCE@ THilme(Twu+Tyat!s.S

TETN  QhosFMRhg( TP im:?

TEAD  MysFMMy(TEilm:

7€ CaFNKI TP lm)

TEAA ComEMCo(TFilm!

7612 Seta=FMBata(Tfilm:

TCIA  HEoeEMHEa Tagt)

T6I2 11 =My, Pha

T4 Alpnaew 1 Rhgelo
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TES3 OreMi, Alpha

TEEQ Deat=FMPaati{Tsas)

“eTa

TG32' COMFUTE UARIOUS ORQOFEGTIES FOR AUN TUBE
7699 IF Humntu=| THEN 30TQ 7799

7709 Atfilme(Aty+Tsat e S

T71Q  ArhosFMBho(ALf11lm)
7723 Amy=FMMulAtfilm)
7730 Ak=FNE/ALEilm)

7749 Acp=ENCpl(Atfilm)
7750 Abeta=FNZata(Atfilm
776@ Anisamu/Arhe

7770 Aalgha=AL/(ArhgeRzp )
7799 Apr=Ani1’/Aalpha

7300 COMPYTE NATURAL-CONVECTIVE HEAT-TRANSFER CQEFFICIENT
790! FOR UNENHANCED ENO(S)

7929 Hbar=190

783@ Fa=(Hbar+P/(KcusA))" ,SeLu

7842 TanheFMNTanh(Fs)

7850 Thata=Thelabe¢Tanh/Fa

7980 XNx=(3.91+Batas*Thetab+Do"3*Tanh/(FasMisAlpha}})", 166667
TETD  Yy=(14( S8F/Pe 13161179/

7390 Hbarc=K./Da*(.5+.397eXx/Yy)"2

789%@ [F ABS(/Hbar-Hbarc)/Hbarz!:.0@1 THEN

792@ Hbar=(Hbar+Hhars's.S

7910 50TQ 7920

7920 ENO IF

7240 COMPUTE NATURAL-CONVECTIVE HEAT-TRANSFER CQEFFICIENT

795Q! FOR 'NENHANCED SND/S) FOR AUX TUSE '

T9EQ [F Humntu=! THEM G0TQ 3290

7972 Ahhar=199

7980 Fe=(AhbaresP/(KcusA))" ,5eLu

7990 Atanh=FMTanh(Fae?

3000 Atheta=Athatab+Atanh/Fe .

8213 Axx=(9,31sAhatasAthetab+Co"I+Atanh/(FesAni*Aalgha’ ' . I66667
9@22 Ayy=(1+(.,559/8pF (/16227 (8/27

892@ Ahbarc=Ak/Dos(.5+.387+Axx/Ayy )" 2

924@ [F ABS((Ahbar-Ahtarc )/Ahharc)>.201 THEM

925Q Ahbar=(Ahbar+Ahbarc)s.5

2960 GOTQ 79892

90870 ENO (F

22891

27923 COMPIYTE MHEAT LQOSS RATE TH MIGH UMNEMHANCED END(S)

312@ Ql=(HbarPskzysA )" SeThetabeTanh

9113 Qc=9-2.91

3122 Ag=07ep2eL

3120

9140 'COMPUTE HEAT LQSS SATE THROUGH UNENHANCED EMO(S) OF auX TUBE
91€9 [F Ywmniy=1 THEN 3070 31390

9150 Agl=/Ahbar+Pskcysa}” SeathatabsAtann

2170 Aqce=Pug-l+Agl

2313

2122 COMPYTE ACTIZAL WEAT CLUN AND SQILIMG CCEFFICIENT
223@ Ndg=1c./A8s

2210 Yiihes=)dp s/ Thatap

3222 TafarfgeThetan Uég o Qdgr/MyeHfg:er (211 12, 21 e0hg
1229

2130 COMPUTE ACTIAL HEAT €Y ANQ 901U NG COEEF[CIENT SR ayv TUBE

(73]

L ZL P 1T
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32%9 IF Humniy=! TUEM GOTO Q2179
9282 Aygdn=AgerAs
9272 Ahtube=Augdp/Athetab
2230 Acaef=(Acpsldthetab /Hfg )/ Auqdp/(AmusHfgie! D149 . 81%Arha " .S) (13, YsApr-1
<
qs99!
93700+ QECORD TIME OF DATA TAKING
9212 IF [m=@ THEN
8322 QUTPUT 729;°T0D"
Q339 ENTER 709:Talds
J48 END (F
s
36Q1 QUTPUT DATA TQ PRINTER
Q379 PRINTER IS 70!
93232 [F lov=d THEN
939@ PORINT
9492Q 'PRINT USING “10X,”"Data Set Number = *° D0D,2X,""Bulk 0il % = "~ 00.0,5X,!
4A" ;] Bop ,Tolds
2419 PRINT USING “10X,""Data Set Number = "° D00,2X,""Bulk 0il %2 « ** [0D.0":J,B
o1+

9429 PRINT * TIME:* ,TIMES( TIMEDATE)

9430 IF [hmed THEN

3448 PRINT USING °18X,°°TC No: | 2 3 s S & )
9'..

3450 PRINT USING 10X ,""Tamp :°*,8C1X,M00.00)°:T(1},T(2),T(3},T(4) ,T(S),T(E,T¢

7). T09)

9451 IF Humntu=! THEN GOTO 9430

9468 PRINT USING "10X,°°TC No: & P " 12 13 1 15
ls..' .

947Q PRINT 1USING “10X,""Temp :""° 801X MOO.00 " :TCQ) TCIQ),TCU1Y,TLI2) TCI3)Y T(
4),TC1S) TU!I6)

2499 PRINT USING “10X,"" Tua ATwa Tl:qd Tliqd2 Tvapr Psat Tsump"~"
349@ PRINT USING 10X ,3(MDO.0O,1X, 1X ,M0D.00,1X,20(1X MOD.DD),2X ,MCD.0":Tw ,A%4,T
14,7T1d2 ,Tv ,Peat ,Tsump

9S00 PRINT USIMG “10X,"" Thetab Htube Qdp Athetab Ahtubse Auld
PR

9513 PRINT YSING " 19X ,MDO.30,!X MZ.30€,1X ,MZ.30E,1Y MDD.3D,!X ,M2.30E,!1X MZ.30E"
1 Thetab Htube ,Qdp ,Athetab ,Ahtube ,Auqdp

952@ ELSE
9830 PRINT USING “13X ,"" Fams Vu Tsat Tinl Tdrog Thetab qQ Yo
Ho*"*

9C40 PRINT UYSING *10X ,4(20.00,1X),2.30,1X,00.00,!X ,3(MZ.30E,I1X)":Fms ,Vu Tsat T}
nle: Tdrap ,Thetab ,Qdp ,Uec Ho

9S5@ ENO IF

9S50 CSND IF

8879 [F [ov=! THEN

330 IS J=1 THEN

3839 PAINT

960@ [F Ihm=@ TUEM

9619 PRINT UCSING "10¥Y " OUN Mo 0il% Tsat Htube Qdo Thetab™""
9el? ELSE
3629 PRINT USING 12X, " EM§ QILY  T3AT HTUBE 0P THETAB" "

964Q EMQ IF
3559 END IF

€EQ  IF [hm=Q TUENM
3§79 POINT USING “12¥ ID,4¥ 00,2 ,MDD.0D Z('¢ MZ IDE:':J Oag,Tsat Htube Udg.The
b am

1628 EL3E

€32 PAINT JSIMG "'Iv 10,4 ,00,2 ,M00.00, (¢ M2.Z0E!":Fme Szc ,Tsal Htube 2do.T
ol 3% 1]




3729 END [F

2719 END IF

3723 IF [m=3 THENM

3720 gese

3719 INPYUT "Q TQ ZTORE THIS QATA SET (!=v 2=N:7" Ok
3753 €MO (F

3763 IF Ji =) CGR [m=1 THEN s+l

377@ IF Ok=t ANOQ Ia=@ THEN

3760 IF lhme=d THEN QUTOUT 3F:lal;8cp,Tolds Emfle Ur [~ ave Ar
9799 IF [hme! THEN QUTPUT 3F:lel;8cp,Talds Exfie) Fas
3800 EMO IF

8910 [IF Iuf=! THEN QUTPUT dUf:le;:Vw, Uo

9820 IF Iraei THEN QUTPUT QRaf:le:Fms Rew

883Q IF (Im=i OR Qke=!! ANO [plot=! THEN QUTPUT @Plat:Qdp, Thetan
884@ IF Im=Q THEN

9858 BEEPR

9963 [INPUT “-WILL THERE BE ANOTHER RUN (1=Y Q3=N)?" Go_an
9870 Nrun=]

8993 [IF So_zcn=0 THEN 39930

8892 IF Go_on<>@ THEN Rapest

89@0 ELSE

9913 IF J(Nrun+! THEM Repeat

8920 E€NO [F

9338 [F lm=3 THEN

8943 BEEP

895@ PRINT USING 10X ,"~NQTE: ** 12 " data runs wers starsd in frls ** 108" ;J)-
1,02_files

8960 ASSIGN @Fi1lel TQ »

3970 OQUTPUT 2FilaliNrun-!

9980 ASSIGN 9Filel TO Q1_f1les

8990 ENTER 2F1lsi;Dates Ldtc! Ldtcl It

3991 IF Humntu=l THEN GQTO 9000

9993 ENTER QF:lel;Aldts) Aldts2

20238 OQUTPUT QFi1lel:Dated Ldtc! L3tcl Ittt

9001 IFf Humntue! THEN GOTO 9@12

2003 OUTPUT @Filel:ialdtet ,Aldtel

2019 FQR I=! TQ Nrun-!

39022 IF lhm=Q THEN

9030 ENTER 9Fila!l;:Bcp.Tolds Eaf(e) Ur Ir

9043 IF Humntu=! THEN S0TO 3060

9053 ENTER @Filael:Avr Air

986Q OUTPUT @File2;80p,Tolds Emfie) Ur Ir

9079 IF Hwmntu=! THEN S0TO 3%

3080 QUTPUT @F.ile2;Avr Air

3090 ELSE

3100 ENTER IFi1lel:8co,Talds Emf(e) Fms

3119 QUTPUT 9F . ls2:Bac ,Toldd Emf(e) Fma

3120 ENO IF

3130 MNEXT I

9140 ASSIGN AF L lel TQ -

315@ PURSE "OUMMY*

9t8@ ENMD IF

3179 SEEP

213Q0 PRINT

2199 IF [platst THEN 20IMT JYSIMG “12X ,"“NQTE: ** ,221."" {(-¥Y aairs wers stared in
alet 2ata fils “" ,10A";]-! 9 _¢1les

3299 ASSIGN 2F:l=2l 1O »

9213 ASSIEM PPlgoe TO «

9223 [F lur=i THEN AS3IIM Mfiia [0

3232 IF Ireei THEN 25313 2Raf:le TO »

98




219 CALL Stats

atc@ gged

9290 IMPUT “LIKE TQ PLAT 0ATA (1=y O=N'"" Ok
92TQ  IF Qk=t THEN CALL Dt

9282 SUBEMD

Exi il

2399 CURVE FITS OF S8NPERTY FUMNCTICME
2319 QEF EMKou(T)

3320 QFHC COPPER 2% TQ 209 v

9339 Th=Ta273.!'€ 10 TQ X

9740 Me434- 112eTY

935@ RETURN ¥

3368@ FNEND

9373 DEF EMMu(T)

3399!) 179 TO 358 K CURUE FIT 9F JISCOUSITY
Q3I3@ Tk=T42°3.:6 1cCOTO ¥

3499 Mu=TY" -4 J1836+(1211,487/Tk Vet RE-3
9410 RETUP My

9479 FNEND

43Q CEF FNCo(T)

34401 189 TO 499 K CURVE FIT OF Cp

245@ Tu=T+273.1% IC Ta X

9460 Cp=.40!98+1.650Q7E-3Tk+! .51494E-5+Tk"2-§.57953E-19+Tk"3
9470 Cp=Cpe1000

242Q RETURN Cg

342@ FNENO

9509 O0OEF FNRho!(T?

951Q Tr=T+273.15 CTY K

9822 N=l1-(1.9Tk/783.95) 'K TO R

9530 Ro=35.32461.146414eX ¢ 1/3)415.419Q15X+17.476838X"~.5+1,119829+X"2
9540 Ro=Ro/.262429

9SEQ2 RETURN Ro

9889 FMNEND

9579 DEF FMP~IT)

330 Pr=sFNCo(T)eFNMU(TI/FNKIT

9533 REIURM Pr

9509 FNENO

9610 DEF FNK(T)

9629 TI36@ K WITH T IN C

9632 ¥=.Q71-.000251T

9649 RETURN X

9§53 FNEND

956@ QEF FNTanh( X!}

9B7A  P=EXP/X)

9680 n=1/P

369¢ Tanh=(P-3'/(Psq]}

3729 QETURM Tanh

9710 FNEND

9729 OEF FNT.eu()

373 oM Ce/ 07 Izal

9740 T=C(9Q)

3760 FOR et TO 7

Q7CP  TeTCl ey~

ITT70 MEXT I

3798 [F lcal=! THEN

3799 T=T-6,T477934E-21T+¢ 9 Q277A4IE-T-Tsr -3, I2C391TE-G 1
392@ cLSE

'3 T#Te@ §5I8397E-leTes T 7§)79E-3-T.5,I6392SIE-G)
2 enNp IF

2 QETHAM T

[SE IEYVRNYS IyY
(0 W (0
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teeace

ERR
» COM /Cplyvs AC1@ '@ Cr12 8

ENEND

QEF FNGeia!'T»

Rap=FNRho( T4+ 1

RomeENOR( T~ 1

Betew-2./Rop+Rom '+ (Pog-Rom /.2

RETURN Bets

FNEND -
DEF FNHEgT)

Hfge! . 37413445+5-T«(3.30943261E+2+T1 2165143
RETURN Hfg

FNEND .
DEF FNPsat(Tz)

@ TO 80 deg F CURVE FIT QF Psat

Tée) 82T2+32
Pa=5.94582S+TFe( , 15352082+ TFe( 1 ,4840963E~3+TF+2.6150671E-6!
Bg=Pa-14.7

IF Pg.-@ THEN | +=PSIE -e1n Hg

Psst=Pg

ELSE

PsatePge29.92/14.7

END IF

RETURN Psat

FNEND

DEF FNHsmooth(YX ,Bop,lsal’

DIM A(S),B(5),CI5) D(SY

DATA ,20826,.258322,.319042,.55322,.79909,1.00258
DATA ,74515,.72992,.72189,.71225,.68472,.64197
DATA .41082,.17726,.25142,.5480€6,.81916,1.0845
DATA 71403 ,.72913,.725€65,.696€91 ,.665867,.51889
READ A(s) B(e) Cls) D(e}

IF Bop<6 THEN le=8gp

IF Bop=6 THEN l=s&

IF Bop=!@ THEM [=S

IF lsat=! THEN

HewEVPIAL ] 4B Tyal DG Y Y

ELSE

HewEYD (LI T aD [ Vel NBIX Y

END IF

RETURN Hs

* ENEND

DEF FNPoly(X)

COM /Cely’ AC10,10),2(10) ,B(S) Nop,lprnt ,0po,llog.Ifn,ljo1n Njoin
¥l=Y ’ -
Poly=B(0@)

FOR [=1 YO Nog

IF Ilog=! THEN X1eLOG(X)
Pely=Poly+8¢1rev] ]

NEXT 1

IF 1logw! THEN Pcly=EYP!Oa}y
» PETUBN Bcly
EMEMD
SUS Paly .

CIM RCI@Y 810 vl 12" G E108) Yy 100

-
(€ N, Iprnt Qoo ,llog,

e
.
3

v

in Njain

-]
COM /¥eyy! Xpf 28 vp! I8
€OF Te@ TO & .
G/ 1:=0
MEYT 1
gger
[HOUT "SELECT Q=FLE 1=vC-804RD TaPPOGRAM " Im




Ilmalmat

'Q4aSQ QEEF

1046@ INPUT "ENTEF NUMEEP OF M- 24lRS" Np -
1@47@¢ 1€ Imw! THEM

10480 BEEP

104390 INSUT “ENTEP DATA CILE NAME® D_f;let
'S0 BEEP

1851@ INPUT "LIKE TC EMCZLUDE DATA PAIRS (!=Y @=N}?" Jed
10520 IF ledw! THEN

1@E3@ BEEP

1@S4@ INPUT “ENTER NUMBER COF PAIRS TO BE EXCLUDED" ,lpe»
1@55@ END IF

10560 ASSIGN 8File TO D_*:iles

1057@ ELSE

1058¢ BEEFP

10S9C INPUT “WANT TQ CPEATE A DATA FILE (tmyY QwN)Y?" Yes
10602 IF Yese! THEN

1961@ BEEP

1@682@ INPUT "GIVE A NAME FOR DATA FILE" ,D_files$
10S832¢ CREATE BDAT D_filet .S

10640 ASSISN CFile TO D_files

t@ES@ ENO IF

12660 END IF

1@57@ BEEP

19680 INPUT "ENTER THE ORDER OF POLYNOMIAL" N
10692 FOR 1@ TO N»2

12702 Sy(1)=0

10712 Sx(1)e9

19072@ NEXT I

190738 1IF led=! AND Im=1 THEN

1Q74Q FQR 1=t TC Ipex

1275@ ENTEP @F:ile;X,Y

12762 NEXT 1!

12772 END 1IF

10780 FOR =1 TO Np

1@79@ IF Ime! THENM

1220@ IF QOpo=l THEM EMTER @Cile:N .Y

1021@ IF Qpc<2 THEN ENTER 2F;:]le:v X

1@82Q IF Qpow! THEN Ymy:/X

10232 IF lloge! THEN

1224Q IF QOpo=2 THEN Xi=X’Y

1Q952 XeLQ5(X)

18950 !F Qpow=2 THEN Y=L0G(X{)

1087@ 1F QOpcd2 THEN Y=LOE(V)

12992 €MD IF

1Q89¢ END IF

10900 IF Im=2 THEN

12912 BECP

1292@ INPUT "ENTER NEYT ¥-v PAIR" ¥V

1@93Q IF vess! THER QUTOUT R la:y v

1094@ END IF

1@9Se IF Im.3 THEN

129€Q v (] my

10870 vy (] ey

10982 ELSE

10890 Yevg( -t

11000 vayp(]-1}

TIR'e END IF

TICID PP ey

P S0 =G P ey
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V14D 301 YmX

110C3 S0 el e

11069 FOR J=1 TQ N

11978 Q¢ PraR(I=1 e

11083 Sy JIwSyt I sROT

11299 NEYT !

11102 €0R Ja TO Nel

1111@ S ] aSrt=tde)

11120 2.0 =S ]850

11139 NEYT J

1113@ NEXT [

1115@ 1F Yaas! ANC [m=2 THEN

11160 SEEP

11173 BRINT USING *12¥,00,"" ¥-¥ pairs were atored in file ** 10A":Np ,0_fileS
11189 ENQ IF

11199 Sx(9)=Np

11200 FOR =2 TQO M

11218 CUI=Syl 1

11229 FOR J=@ TQO N

11222 ACL,2)=5<(1+])

11240 NEXT J

11282 NEXT [

112689 IR =9 TQ N-I

11270 CALL Otvide!l?

11280 CALL Subtract(l+l)

112399 NEXT I

1120Q SIN=C(N)/AIN N}

11310 SOR =@ TO N-!

11329 BIN=1=-1)aC(N=I=-]"

11332 FOR J=0 TQ I
!IBCQ_B(N-I-!!-B(N-l-l!-A(N-!-I,N*J)‘B(N-J)
11350 NEXT J

1136@ B(N-l-!.‘-Q(N-l-!.‘/A!N-!‘!,N-l-! N
11370 NEXT [

11399 1PRINTER IS 79!

11330 'PRINT 8le}

1149Q'PRINTER IS 7@S

1141@ I[€ I[arnted THEN

11429 PRINT USING " 12X, “EXPIMENT COEFFICIENT "
11438 FOR [=@ TO N

1134 PRINT USING “15X,00,5X ,MO.70E":I,8¢(1)
11452 MEXT I

1146@ PRINT ~ * .

11479 PRINT USING °*12¥,°"DATA POINT X \ Y(CALCULATED ) QISCR
EpANCY """

11192 £08 [=! TQ Npo

11390 Y2=8(2!

11529 €0R J=t! TQ N

11GI@A YawYasBl JYeX (1]

116209 MEXT

11838 Qevy! [ =Ye

1154@ POINT USING 16X ,30,4¥ 8(MD.SDE, 1N "1 (1) ¥y(1?,¥ec, 0
11CEQ NEXT I

11882 END (F

116T@ ASSISN ¥F:.le TO o

1190 SUSEMD

1183Q 38 Q:.igelM

116099 T0M gl 4!'9,'0',CC'O‘,Q’E?,ﬂ.!arﬂt,Qca,!lcq,!fn,!)oxn,ﬂjoxn
1EIA €0 Tam T M

11E2Y angmhalt M
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11€3@ FOR J=M TC N

11640 A(l ,JrwAsl J)/An

11658 NEXT J

11EEQ C( 1 =mC(1/An

11670 NEXT 1

1159@ SUBEND

1169@¢ SUB Subtract!K!}

11700 COM ‘Coly’ AL10 10 ,C010) B(S) N, Iprat Opo,llog,Ifn Ijoin Nioin
1171@ FOR 1= TO N

11720 FOR Jap-t TO N

11736 ACI,J)=A(K=1 I =AC1 I}

1174@ NEXT J

1178@ C(Iral(k=11=C(1)

11762 NENT !

1177@ SUSEND

1178@ SU8 Plir

11789Q COM /Cply/ AC1@,10) C110),6(S) N, Iprnt Opo,llog,Ifn lj0in ,Njoin
11802 COM /Xxyy/ Xx!28) Yy(2E)

11812 PRINTER IS 7@S

11920 BEEP

11832 INPUT "WANT TQO PLOT Uo vs Vuw? (1sY @=N)" luo
11842 IF lug=@ THEN

11952 BEEP

1186@ INPYT “SELECT (@=h/h@% same tude,i=h(HF)/h(sm)® Irt
1187@ BEEP

11980 INPUT "SELECT h’/h RATIO (1=FILE,@=COMPUTED)" ,Ihrat
11890 IF lhrat=@ THEN

11900 BEEP

1191@ INPUT “WHICH Tsat (1=€,7 @e-2.2)" lsat
11920 END IF

11920 Xmin=@

1194Q Xrmare!@

11952 Ystep=2

1196@ IF Iri=@ THEN

1197Q Ymin=@

11980@ Ymar=? 4

1199¢ Ystep=.2

12eee SLSE

12010 Ymin=0Q

12022 Ymar=!S

122030 Ystep=S

12042 ENO [F

1205@ ELSE

12062 Opo=2

12070 Ymin=d

12080 Ymays=)2

12290 Ystep=3

12100 Xmin=Q

12110 ¥Yma- =4

12120 Xstep=!

1213@ END [F

1214@ IF Threst=t THEN

1218Q Ymine@

121EQ Yms.=!C

1270 Yetape?

1219C Ymim=0

1219¢ Yms.=Q

12202 vetaps?

122'¢ ENC IF

1222¢ gece
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Ay
-

12219
11280
1t =cnA
1250
12279
12290

13900

12200
12212
12220
12330
12249
122€0
12360
12379
12390
12320
12229
12412
12429
124320
12440
12450
12450
12472
12480
12430
12500
12619
12820
12830
12540
12¢€2
12550
1279
12539
12630
12600
12519
12629
12¢30
126840
12650
12SE0Q
12672
125390
12520
12700
12710
12729
12732
12740
127¢0
117e0

P,
12720
T
rz3ee

I

SNt

SEINT “SC 2,100 ,2,100:TL

cMs3Pt:IB 2209 222

(]
jm———,
-

3F.m10Q/ 0 imas-min?

3F, =100/ Ymas-Ymin)

PRINT "F1) 9,2 PO"

ENR Vzelmin TD ¥Yma. 3ITED Ystan

dm((g=dmindeSty

POQINT "FAa“:¥," d; ¥T:"
NE(T Xa
PQINT "Pa 1@@,0:PU;"

20 IMT "PY ©a Q9,2 O0"

€OR YaeYmin TO Yma, GTEP vate
Ye{Ya=¥Ymin eSSty

PQINT *PA Q,°:Y, "YT*"

MEXYT vYa
PRINT "PA O, ,1Q0@ TL 2 C2°

£08 Yastmin TO Xmax STEP Xstep
X=(Xa-Xmin)eG§Ffx

PRINT °*PA“:X,",192Q: XT*

NEXT Xa
PRINT °"PA 102@,100 PU PA 120,27 POD"
EQR YasYmin TO Ymax STEP Ysiep
fu(Ya=Ymin)eSly

SRINT “PD PA 12Q " Y, "VT"

NEXT va
°RINT “PA 100,!QQ PU"

PRINT "Pa 9 ,-2 SR 1.5,2°

ENR YaeXmin TQO Xmax STEP Ysiep
Yw{{g=-Xm:n)oSPx

BRINT "PA~:X," ,0:"

IF luo=3 THEN PRINT "CP -2,-1:;L8":Xas""
IF fyo=! THEN PRINT “CP -1.S -1:L8":Xa;""
MEXT Xa
9QINT -P1y ©4 Q.0

FOR va=vwin TO Ymax STEO Ystep

IF A8S(Ys)<t E-8 THEN Ya=Q
YuiYa=Ymin)eSFfy

SAINT *9A Q,°:VY,""

IF luoc=® THEN PRINT “CP -4 ,-,28:.9";va:""
IF luo=! THEN PRINT “CP -3 ,-.2S:L9":va:""
MEXT Ya
Xlabel$="0il Percent”
IF [uo=0 THEN

IF€ Irt=@ THEN
Yisbe!S=s 'h/hO%"

EL3E
YlabelS="n/hsmaoth”
END IF
PRINT "SR 1.5,2:9) B4 S0 -10 CP ;-LEN(Y]labal8/2:"°3;:L8";:¥1lakelS;""
POINT 24 -t 5@ CP @, ':-LEN(Y]label3)/2eS/8:"00 O, ,1:L8": v aneld:""
9QINT *CP 2,07
€LSE
PRINT "3PO:3°2"
oaINT ‘3R 1,2 ,2.4:PY Fa -9 35:00 2 ,1:L0U:99 1 2.%:L80:PR -! ,3.5:L
20IHT "PO ) D.5:SR 1 ,1.%:L82:¢6R 1.5,2:929 §, .5:L9.:80 & ;8K
BOTNT P4 42 -10:00 ' 0:L2U:09 |t ~1:L8uwiPR 1 . SiLBla 5"
QT 2P P!
en e
{on=2
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12920

R4

gEED

—-———

12930 INPUT "WANT TQ PLOT DATA CROM & FILE /1=y OaN)?" Otp
lene@

IF Okp=1 THEN
ocEp

——

INPUT "ENTEP THE NAME OF THE DATA FILE" C_files
1€ luc=@ THEN
1299@ BEEP
12900 INPUT “SELECT (Q@=LIMEAR, '=L06(X,Y!" ,Ilog
END IF
ASSIGN OFile TO D_files
BEEP
INPUT “ENTER THE BEGINNING RUN NUMBER" Md
geEeP
INPUT "ENTER THE NUMBER QF X-Y PAIRS STORED" Npairs
IF luo=@ AND lhrat=@ THENM

8EEP
INPUT °“ENTER DESIRED HEAT FLUX",Q

END IF
BeEEP

12948
12ese
128602

12e7e

1288e!

291

1292¢
12930
12949
1295
1296@
12979
1298@
12990
1300¢
t301e@
13e20
13e30
13042
13es@
13060
13079
13080
13090
13100
13110

13130
12140
t21€0
13160
1217
1318¢
12190
13200
13210
13220
12230
13240
13260
13260
13272
13290
13290
t33ee
12310
13320
13230
12240
12350
12280
t2Z7e
12380
12290
12400
1za1Q

PRINTER IS 1

PRINT USING "4X,""Select a symbol:"""

PRINT USING
PRINT USINE
PRINT USINE
PRINT USING
PRINT USINE
INPUT Sym
PRINTER IS ?7@S
PRINT “PU OI"

13120 IF Sym=! THEN PRINT
IF Sym=2 TYHEN PRINT
IF SymeZ THEN PRINT
Nn=4
I€ llog=! THMEN Nne!

IF Md>1 THEN

ax e
l‘x..ls
“ax,*°S
“4x,°"6
l‘x'I‘7

FOR I=1 TQ (Md-1)
ENTER @File:Xa,Ya
NEXT 1
END IF
IF Ihrat=@ THEN
Ql=Q
IF Ilog=! THEN Q=L0G(Q)
END IF
€0P I=1 TQ Npairs
IF luc=@ AND Ihra¢=@ THEN
ENTER €File:¥a B¢
Ya=2(Q)
FOR ¥=! TQ Nn
YasYa+8(h a0 Y
NEXT ¥
ENC [F
IF luo=l QR lhrat=! THEN
ENTER #F;]a:Ya, va
IF luo=! THEN vaevas. 1000
ENC IF
IF luc=@ AND TheetsD Tucy
I1og=1l THEN yaeCV¥D s
I[leg=0 THEM vawQl 'va

I~te@ THEN

IF
1F
1F

Star 2 Plus sign"""
Circle 4 Square*""
Rombus""*

Right-side-up triengle"""
Up-side~-daun triangle*"*

“GMa -
“EM4
"EMc"
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12120 IF ¢a=) THEH
1342Q /o=va

13140 va=i

1748Q ELSE

12469 Ya=va/Ys

1247@ END IF

13499 €L3E

12199 HasmeFMNHsmooth(Q, fa, lsat?

12620 vawva/Hsm

13519 EMD IF

13822 €MD [F

12839 U« [~-1)wXa

13540 Yy(I-1)=va

12650 Yai!Xa-Xmin)eSfe

13560 Ys(Ya-Ymain)eSFy

13873 IF Sym:3 THEN PRINT ="3M*-

1359Q [F Sym<c4 THEN PRINT °SR 1.4,2.4"

13590 PRINT “PA~ X .Y, °*

135800 IF Sym>3 THEM POINT "SR 1.2,1.5"

13610 IF Sym=4 THEM PRINT -UC2,4,99,2,-9,-4,9,2,9,4.0,;"
1356208 IF Sym=S THEM PRINT -UC3,0,99,-3,-56,-3,5§,3,5,3,-6:"
13630 !F Sym=6 THMEN PRIMT "UC2 ,5.3,99,3,.,-9,-6,2,3,9:"
13640 IF Sym=7 THEM PRINT -UCQ,-€.2,99,-3,9,6,0,-3,-9:"
12650 NEXT !

1366@ BEEP

13579 ASSIGN QFile TO o

1389@ ENO IF

13630 PRINT “PY SM™

13702 SQEEP

13718 INPUT "WANT TQO PLOT A POLYNOMIAL (1e=Y QaN)?" Okg
13728 IF Okpe=t TUEM

13730 BEEP

13740 OQINTER [S 1

137S9 PRINT USING "d4X,""Salact line type:"""

13760 ORINT USING °SX,""9 Selid line*""

13770 PRINT USING "GN, "1 Dashed”""

1379@ PRINT USING °SX,""2,,.S Longar !lina -~ dash"""
13798 INPYT fpn

13900 PRINTER IS 7S

13813 9EEP

13929 INPUT “SELECT (@=L INEAR, !1=LOG(X ¥} [log

13922 Iarnat=l

1384@ CALL Psly

12353 IF luo=! THEN

13960@ 9EEP

17979 INPUT “DE3IRE TQ SET ¥ Lcwer and Ypper Limit (1eY 3=N}?" [<lim
13080 [F I.li:m=0 THEM

138090 X11-0Q

1330Q “ul=?

13910 ENQ IF

13929 IF l.lime) THEN

133929 SEEP

13949 INPUT "EMTES ¢ Lower L:i:mit™ ¥1l

1396Q@ GE£EP

13360 IMPUT "CMTER ¥ 'zmper Limit’ Nul

13979 SND IF

12300 cMQ I

12990 €10 (3m¢1] TN (yl 3ITEP (sten 2C

t4@22 lznsli~s

140'@ /S,Cl!p,:ll.I"/!v
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14C2C IF lyce=! THEN ra=‘a 1000
14030 vYm/va-Ym:n'sSf,

14040 X={Xe-Xmin}sSf,

1405C¢ IF i@ THEN v=O

14060 IF Y 10@ THEN ES0TC 1416Q
14270@ Pu=@

14082 IF lpne! THEN Idf=lcn MOD
14092 IF lpnwl THEN Idé=!zn MOD
1419@ IF Ipne3 THEN Idf=len MOD
1411¢ IF lpnwd THEN ldf=lzn MOC
18120 IF Ipn=5 THEN ldfslcn MOD
1413Q IF Idf=! THEN Fyse!

14140 IF Pu=@ THEN PRINT "PA" X.,Y, K "PD"

1415@ 1€ Dyue| THEN PRINT "Pa* ¥ v "By~

1416@ NEXT Ya

1417¢ PRIMT -PU*"

1418¢ 60TO 1282¢

14182 END IF

1420@ BEEP

14210 INPUT “WANT TQ QUIT (1=y @eN}?7° Iquit
14222 IF lIquit=1 THEN 14240

14230 €0TO 12820

1424@ PRINT “PU SP@”

1425@ SUBEND

1426@ SUB Stats

14270 PRINTER 1S 7Q!

14282 J=2

14290 K=0

1432@ BEEP

14310 IF Iplote! THEN ASSIGN @File TQO P_file$
1432@ BEEP

1423@ INPUT “LAST AUN Mo?(Q@=QUIT)" Nn

14342 1F Nn=Q THEM 14700

1425@ Nn=Nn-J

1435@ Sx=@

1437@ Sy=0@

14280 Sx=@

1429@ S5.9%0

1442Q Sys=0

14410 Szs=0

14420@ FQR I=! TC Nrn

14430 J=J+1

1444Q ENTER OFile:Q,T

14450 H=Q/7

18446@ S-=5-+Q

14470 S, =S, s+Q" 2

14490 S wCysT

14490 SyswSys+T"2

1450@ Sz=Gz4M

14€1@ CSze=Szs+H"2

1462@ NEXT !

14522 Qave=S./Nn

14542 Tave=Sy 'Nn

14E5¢ HavesSz/Nn

4 — (D & 1)

m

14SEQ CdevneCOR(AES  /MneC. e=C "2 /MaslHp=t v
T4E70 Sdavi=CQRIABC( 1 NmeT g=Z, "2 /I NnsNr=T 1)
14580 Sdevh=SQR(ABG/ (NpeSze-Z2 2V fHUne(Np=l 112

1492 She|20eSdavh/tHavae .

14692 Sq=10Q«Sdavy Cave
14€12 Sia!PPelde. i -Tave

~~~~~
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11622 [F H=! THENM !14€89

=

14632 eAINT .

11640 PQINT UGING "1ty “"0ATA CILE:"" '1A°:Files

11ESQ POINT

1EEED FRINT USING 11, ""AUN Hiybe SdewH Nde Sdevq Thetab Sdav?""
14679 V=t

1699 PRINT USING “11X¢ ,00,2¢2¢,2.30E,!',30.20),2Y,00.30,1X,30.20":J ,Have ,Sh,Qavs
,a,Tave ,S¢

14699 50TQ 14222

14729 ASTIGN PF:le! TO .

14719 PRINTER IS 1

14722 SUBEND

14720 U8 Coef

14749 COM /Cely/ AC1Q 1) ,C(10),8:5) N, Igrnt Qpc ,llag,lfn, ljoin Mjoin

147S3 9€EP

14789 INPUT “GIVE A MAME FOR CROSS-PLAT FILE" Cafs

14773 CREATE 80AT Cpfs 2

14793 ASSIGN 9File TO Cpfe

14799 S£EP

1490Q@ INPUT “SELECT (2«=LINEAR,!1=LOG(X,Y))" llog

14912 BEEP

14322 IMPUT "ENTER OIL PERCENT [ -1eS5TQP " Bap

14822 IF Sqp<@ THEN 14872

1494Q CALL Poly

149S@ QUTPUT 9File:802 ,8(e)

1496@ 5070 14812

14970 ASSIGN QFile TQ »

14899 SUBEMO

14990 SU8 Wilson(CF 2.

1492Q CQM /uWil/ 02,01 ,00,L ,Lu Kcu

14919 OIM Emf( 12}

14929 WLISON PLOT SUBROUTIME DETERMINE CF AND CI

14930 9EEP

14940 INPUT “ENTER DATA FILE MAME" FileS

149€3 Qeep

149680 PRINTER IS !

1497Q PRINT USING "4X ,*"Selact option:"""

1499@ PRINT USING “3X,"" 9 Vary C! and Ct"°"

14990 PRINT USING "iX,"* | Fix CFf Vary Cp"°"

15000 PRINT USIMNG “4X ,"" 2 Uary Cf Fi+ Ci°"°

15019 INPYT “CEMTER OPTION" ,Icfix

16020 PRINTER [S 701

16030 IF lcfic=9 THEM 12072

15040 IF lcfix:® THEM BEZP

'CASA IF Icfix=! THEN INPYUT "ENTER Cf* Caf

1SR83 IF !cf:.=2 THEN INPUT "ENTER ZI" . Cy

1679 POINTER 1€ )

16282 tMPUT “tant To Vary Coef??(1ey 3=N)° Izxcoef

16090 IF Izcoefs=! TUENM [NPYT -“ENTER CQEFE-~ O
1128 OQINTER 13 79

1611Q IF [cf:.=3 2R Iafi, =l THEN Cfa=.204
1S120 [F fcf..=! THEM Cfawlsf

168120 C.aeC.

‘eI ‘n= 3

'GIEQR Cra T
1516 [ ;-0
1C172 Orwe?
1IN IE famnafsl THEN Opnwi
rg19@ S01NTER IS
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1€20@ EBRINT Do D: Kcou

1621@ ASCGIEN @F:le TO F:lasg

1€220 ENTEP @F:le:Nrun Categ Lztc! Ldtel  Itt
16230 Ruw=DoeL05(Dc/0: Y ( Jekcy?

18240 Sr=0

1E28@ Sy=0

1€25@ Sxy=@

1627Q S»2=0

15280 Syl=@

16292 FOR I=| TQ Nrun

15300 ENTER @File:Bop,Tolds Emfi» Fms
1§310! CONUERT EMF'S TC TEMPERATURE
1€320 FOR J=! TO 5

16330 T(J )=FNTvsv(Em&(J)?

18340 NEXT J

1260 Tsat=(T(1)+T(J)}s .8

1536@ Tawg=T!5}

16370 Grade37.98S3+.104298+Tavg

16380 Tdrop=Emf(7)e1 E+5/(10.+Ead)
1529@ Tavge=T(E)-Tdrop*.5

1540 IF ABS(Tavg-Tavge):.@1 THEN
1641@ Tavg=(Tavg+Tavgs?+s.S

15422 S50TO 15370

1543@ END IF

154401 :

15450@) Compute properties of water
16452 KweFNKw(Tavg)

1547¢ Muwa=FNMuw(Tavg)}

1548¢ Cpw=FNCpw(Tavg)}

15490 PruesFNPrw(Tavg!}

1E502 Rhow=FNRhow!(Tavg}

1€51@!

155201 Compute properties of Freon-114
15532 LemtdeTdrop /LOB((T(S ~Teat )/ (T(5-Tdrzp-Teal}}
1€54@ IF J;=@ THEN

1ECGQ TweTsatsFrolmigd

1E560 Thetab=Tu-Tsat

165870 J;=!

15682 END IF

16890 Tfe(Twu+Tsat)s.S

16608 Rho=FNRho!(Tf!

1551@ Mu=FNMu(T¥f}

1662Q@ KeFNK(TF)

16€30Q Cp=ENCp(T#)? .
1GE40 Beta=FNBeta(Tf}

1CECHR Mfge=FNHfg(Tsat)?

1SEE@ Ni=Mu’Rho

1GE7Q Alpha= /! Bhoelp

1CEQQ@ Pr-=N) Alpha

teeqe!

1€70CQ' Analys:s

1871@! COMPUTE MNOT

1€720 A=P[«(D2"2-0,721/2

1ETIN CaPleDz

15740 Mdot=Y 9GST7E-I+Fmse’ 3, 519556-3-Frmas(Q 8I00EE~E-Fmeas ! II536E-T-Fmees 11297
€E-10211

'€7E2 Q=Mdot+Cou*Tdren

157608 COMPUTE N&TURAL -LONUECTIUE HEAT-TEANSFES COCEEIZIENT
1ETTQ CQP UNEHHANCED EpDc T

15792 Hbar=190
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1S79@ Fes=(Hbar*P/(heousA ) Cely

1E800 Tanh=CNTanh(Fa)

15810 Theta=ThetabsTanh/Ce

1€920Q ¥r=(9,.8!+82ia¢TheiabeDc"3sTanh/(FeeN:sAlpha ) 1EEEE”
18030 Vyw(1+( ES9/Pr (9 168 (8/27

16542 Hharcek/Dos! . £+ Z87«¥, /Yy "2

15850 IF ABS((Hbar~Hbarc)'/Hbar)..001 THEN

15960 Hbar=(Hbar+Hharc)+.S

15870 &6QTC 157390

1€99¢ END IF

15890!

15900! COMPUTE HEAT L0OSS RATE THROUGH UNENHANCED ENDS
18912 Qle(Hbar+Psicush )" SeThetabeTanh

16920 Qc=0Q-2+Q1

16930 As=PleDZeL

16940 COMPUTE ACTUAL HEAT FLUX

15952 Qdp=Qz’As

1696@ IF lcfix=@ OR Icfix>1 THEN Cef=1/CFf (1./Re)
16970 Thetab=Csf/CpsHfge(Qdn/(MusHfg)s(.018//9.81*Rh¢ .5 (1/Rr)ePr"1.7
1980 Ho=Qdp/Thetab

15992 Omega=Ho/Cf

16000 Uc=Q/(PleDosLelntd)

16010 Vu=Mdot/(RhowsP[sD1°2/4)

16020 Rew=Rhow+Vuw+*Di{/Muwa

15030 Twi=Tw+Q#*Ru/(PIleDosl)

16042 Gema=Kw/Di*Rew".8°Fw"(1/3,.)* ‘uwe/FNMuw(Twi)) .14
16@58! PRINTER IS 1

16060 Ywe=(1./Uo-Ru})+sQOmega

16@70 Xw=0Omegs*Dc/(Gama+Di}

18080 Sx=Sx+Xw

1692 SyeSy+Yw

1E102 Svy=Sxy+YweXw

€110 Sx2wSxl+NweXw

18122 Syl«S,2+YusYu

1§13» v 7 1

P& 1% ASSIGN @Fjile TO »

TLat T SneSy NruneSxy Y/ (SxsSx=NrunsSal)

151! o{Sy=-Sxer)/Nrun

161, IF lecfix=@ OR Icfix=2 OP lcfirwd THEN

16180 Cic=1/M

1619¢ Cte=1/C

16200 END IF

16218 1F Ictfix=! THEN

1622@ Cic=t/M

16232 Cfe=Ct

1624Q END IF

1825@ IF lzf:x=2 TMEN

1626@ Cic=Ci

1E27@ Cfc=1/C

tE28€ EMD IF

1529@ IF ABS((Ci1-Cic/Cic ). .00! OR ABRS!(CF-Cfc)/Cfc ) .00 THEN
1€2@@ Ci=/Ci+C:c .5

1€212 Cé=/CfsCfc e .5

1622@ PORINTER 6 1

1€23C PRINT UCING "IY,"" Cef = "° MI.3DE,2¥,"" C1 = °" MI,3DE":Cs* Ci
1€340 PRINTER 1€ 7

16252 2070 1521@

1€27¢ PeInT

1€20C¢ PRINTER 1E 70
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1E39@ SRINT UGING "IIY "¢ CF LIRS
15402 SRINT UGING "3¥, " "ASSUMED “* MZ,3DE 3% MI.3DE";Cfa,flia
18410 SRINT USING “8X,""CALCULATED  "* MI 3IDE,3¥ ,MI.3DE":Csf Ci

1832@ POINT

16430 Suml=Sy2-TeMeS .y =TeCeSy M 2eG, T+ eMeCoT  sNryneC D
18447 PRIMT UUGING "1QX,""Sum of Squarss = *° 7 ZI0E":Syml
16459 PQINT USIMG "1Q¥ “"Coeffizient = ™" D.000":8r
164€Q SUBEMD

'6479 DEF FMMuw(T!

16489 A=247 .9/(T+133.1€)

16490 Mu=2 4E-S+10"4a

16SQ@ AETURN Mu

165109 FMEND

18E2@ DEF ENCow!( T

16530 Cow=4d . 21120858-Ts( 2 2G826E-3-T+(4 42361E-5+2,71429E-7+T))
16540 SETURN Cpws+!209

15580 FMEMNO

1656Q DEF FNRhow( T}

16570 Ra=999,.52946+T+( .A12689-Te( 5, 482813E-3-T+{,234147€-C )
16588 RETURN Q9o

16530 FNEND

16600 DET FMPruw(T}

16610 PrusFNCpuwl T)eFNMuw( T Y/FNKw(T)

16520 RETURN Pru

18630 FNEND

18640 DEF ENKw(T)

16650 X=(T+273.182/273.1S

16560 Kuwe==,32247+X+(2.9395~X*(1.90@7~Ne( . S2877-.87T44+X ")
16679 RETURN Muw .

16689 FMEND

16699 SUB Plot

16720 COM /Cply/ A(1Q,13) C01@),8(S) Nop,lornt Opa,llog.lfn,[join Njsin
16719 OIM 8s(3)

168729 [NTEGER i

1872@ PRINTER IS !

16740 Idv=0

18760 BEEP

16760 INPUT “LIME DREFAULT VALUES FOR PLQT (1=Y @=N)?7° Idv
1€779 Opo=9

16790 QEEP )

1879Q PRINT USING *4X,""Select Qption:*""

169900 PRINT USING °SX,""Q g versuys delta-T*""

1681@ PRINT USING °S5X,""! h wersus delta-T*"*"

16922 PRINT USING "6X,""2 h versus g*""

16930 INPUT Qpo

169409 8EEP

16989 INPUT “SELECT UNITS (QeSI 1=eMGLISH)" , Iun

1685Q PRINTER !5 705

16873 IF !l4v.:1 THEN

16990 8€EP

16299 INPYT "EMTER NUMBER OF CYCLES FOR X-ayIc® C..

1639209 Qccp

16319 [NPUT “ENTER NUMBER QF CYCLES FOR Y-AXIS” Cy

1§920 B9gEP

16932 INPUT "CNTER MIM X-UALYE ‘MULTIPLE 9F 19" im:n
16340 2EEP

16980 IMNPYT "EMTER ™MIM /-jal U (MULTIPLE JF 10 “min
16960 £L3E

16373 [F Qnc=) THE!

16390 Zy=2

1t




C.=3

Lmyine, !

EnD IE
END If
I€ Qpg=! TuEN

-
-

Sy=
L.=2
Yminwe !

Yin=1009

@ END IF

IF Opno=2 THEM
IF fun=Q THEN
Cyw3

Cam2
X\min=1Q22
Ymain=120

ELSE

CyeI

Cawl

¥min=1020
Ymin=1Q

END IF

2 EMQ IF

END IF

9EEP

BOIMT “IMiSP1:IP 2300,2220,9300,5800:"
PRINT *SC 2,122,0,100:TL 2,2:"
Stc=128/0

SPy=109/Cy

8eEP

INPUT “WANT TQ 8Y-PASS CASE? (1=vy 2=N)}" lhyp
IF layp=1 THEM 10E40Q

PRINT "PY 2,3 PD”

Nn=9

EOR =1 TO C«+!
Xat=Xmine1@"([-1"

IF 1=Cx+t THEM Mpn=t

FOR JI=1 TQ Mn

[F J=1 THEN PRINT "TL 2 2°
IF J=2 THEN PRINT *TL 1 @°
YamXgte]

XL 5T(Xa/Xmin)eSFx.

PRINT “PA*;X " ,0; XT:"
NEXT J

NEXT I

PRINT ~“Pa 100 ,0:P4;"

PRINT "PU PA Q.23 °0°

Mn=?

FOR [=1 TN Cya
YateYmine!@ (=1

IF [=Cy+! THEN MNa=!

£0Q J=) TQ Nn

[F J=1 THEN POINT "TIL 2 2°
1€ J=2 TuEN PRINT T ' 3"

Y3wvate]

‘af BTIYy  Vmn YeCF.
oQNT P Y v cvTe
NEVT !

3 ngyT ot

ooINT ‘o4 D Q8 TL Q 2¢

112




17cen
17500
17E10
1782¢
17E30
17840
17650
1768@
17670
1768@
17690
1?7ee
17710
17720
17730
17740
17750
17762
17770
17780
17790
1780@
1781@
17e2e
17930
17940
17950
17950
17870
17990
1799@
1790Q
17910
17920
17932
17240
17ese
17950
17970
17980
17990
18eee
[R:1.A0]
1902¢

Hn=g

€or 1= T0 Co4
Xateymins (@t I-1

IF T=Coa! THEN Nnel

FOR J=1 T2 N=

IF J=! THEM ERINT "TL ¢
IF J. ! THEN PRINT "TL @
Xa=Xats]

-
g

XmLGT(Xa/Xmin eS¢,

PRINT "PA":Y , ", 1@@: XT*

NEXT

NEXT I

PRINT *PA 102,100 PY PA 10Q@,0 PD"
Nn=8

FOR I=1 TQ Cy+!

YateYmine!1@ 0 I=-1)

IF I=Cy+1 THEN Nn=|

FOR Je! TO Nn

1€ J=1 THEN PRINT "TL @ 2°
IF J>! THEN PRINT °“TL @ 1"
Ya=Yate]
YaLET(Ya/Ymin eS¢y

PRINT *PD PA 10Q,",Y,"YT"
NEXT J

NEXT 1

PRINT °"PA 100,100 PU"
PRINT *PA @,-2 SR 1.5,2"
14=LETIXmin?}

FOR 1=t TO Cx+!
XasXmine1@°(1~1)
Xu{,GT(Xa/Xmin eS¢t

PRINT *PA";:¥ " @:"

IF li1=@ THEN PRINT "CP ~2 -2:LBI1G:PRP -2 2;LB":l1:""
IF 1:1.0 THEN PRINT ~CP -2 -2:L81Q:00 @ 2:tP":ls:""
liali+t

NEXT 1

PRINT “PU P& @ 0"

1i=lGT/ Ymin}

Yi10=1Q

EOR l=] TO Cy+t

vasYmine1Q@-([-1"

YeLET(Ya/Ymin)eSfy

SRINT "PA @,":Y "

PRINT “CP -4 ,-.2S:LB'@:PR -2 2:LB":li:""

18Q3@ I1=l:+1

1824@ NEXT |

12QSe BEEP

1206@ INPUT “WANT USE QEFAULT LABELS (1w=y OB=N'?" 1dl
1927¢ IF Id1:>1 THEN

13Q82 BECF

189@8@ INPUT "ENTER X-LABEL" Ylabelf

1gree QLEP

18110 [MPUT "EMTED vl AEC! " viahsl$

19120 END IF

12130 IF Qgo 2 THEM

10140 OQINT "GP 1 2.010 B4 48 -14;"

'S0 POINT LB/ T:FP -1 8 3 BC ©P 1 7 0 DIPE G -4:10uz:PR
TEYEC PRIMT LP-TOD 5 11 Cgas:PE T 0

1217°C [F lun=0 THEH

10180 PRIMT trBY vt

13




18190 €LSE

16200 PRINT -~18) ¢(E"

18210 €MD IF

1220 ENMD IF

18230 IF Opo=l THEN

18240 IF lun=Q THEN

18252 PRINT "SR 1.S 2:FU Pk 42 ,-14:LBg (W/m;:SR 1,1.6:PR Q.5 ,1:LB82:8R 1.¢ 2:PC

@.5,~1;:L8Y"

18260 ELSE

18270 PRINT "SR 1.5,2:Py PAa 24 -14;LBg (Btu’hriPR .5,.5;LE.:PR .5,-.5:"

1928@ PRINT °“LBf::PP .5 1:SR ! ,1.5;L82:6P 1,58 ,2:PR € ~t:LB8:"

18290 END IF

1930 ENC IF

12210 IF Qpo=@ THEN

18322 IF lun=Q@ THEN

1832¢ PRINT "SR 1.5.,2:PU P& -12,40:D! @,1:LBg (W/m:PR -1 ,0.5:5° P,1.S:LBJ:SR !
LE,2:PR 1,.5;L8)"

18340 ELSE

1825@ PRINT "SR 1.5 ,2:PU PA -12,22:D1 @,1:LBq (Btu/hriPR -.5,.5:LB.1PR .G, .5:"
18350 PRINT "LBf¢:SR 1 ,1.5;:PR -1 .G5¢LB2;PR 1,.5:5R 1.5,2:LB?"

19370 END IF

18382 END IF

18390 IF Opc>@ THEN

1840Q IF lun=@ THEN

1941@! PRINT "SR 1.5,2:PU PA -12,38:01 0,1:LBh (W/miPR -1 ,.5:SR 1, 1.5;L82;:SR !
.§,2:PR .5,.5:°

1842@ PRINT "SR 1.2,2.4:PU PA -12,37;D1 @,1:LBh:PR 1 ,2.5:LBo:PR -1 ,2.6:LB (W/m

18430 PRINT "PR -1,.5:SR 1,1.5:LB2:SR !.§,2:PR .5,.5:LB.:PR .5 @:LBK)"
18449 ELSE

18450 PRINT "SR 1.5,2;PU PA -12,28:01 @,1;:LBh (Stu/hr;PR -.5,.5:LB.sPR .5,.5:"
1846@ PRINT "LBft:PR -1,.5:60 1.} 6:;L82:5R 1.5 ,2:PP €, .S:{8.:PR .§ .G:LEF'"
1847@ END IF

1948@ END IF

12490 IF 1dle@ THEN

1950@ PRINT "SB 1.8 2;PU P& 52 -1G6 CP":-LEN!YXlabel$/2:"2;:L8 :X]abel8:""
1951@ PEIMT "PA -14 5@ CF @, :-LEN/Y]label€:/2+C/E: 0] Q,1;LB":V]abel$:™"
18520 PRINT “CP 2,2 DI°

1883@ END IF

18540 lpn=Q

18658 Xll=1 . E+6

1856@ Xulw=1_E+6

196872 lcn=0

18580 [fn=@

18820 I cin=!

18€@2 peg?

18810 INPUT "WANT TO PLOT DATE FRCM A FILE (l=y QeM12° Q)

19EZ20 IF Ot =1 THEM

18E20 BEEP

19540 INPUT "ENTEF THE NAME O€ THE DATA CILE" D _¢:leS

1QEER ASCIGN 8F;le TO D f:let

1966@ BEEP

19eTQ PEEFP

'Q58( IMOYT "EMTER TUE DESINNING PUN NUMBER™ Md

tec9e peESF

1E70Q IMEUT "ENTEE TUE MUMBEE 2C voy PAIRC STORED" Moai-s

t2710Q1 QEEP

1ETI0 [MOUT CCONNECT OFTA WITH LINE o tey QeNTT Ic)

1e-Ig BEEe

12740 PRINTER [Z
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d PRINT USING "1

s
[
-

oQINT USINZ "EN "
SOIMT HSING "GN
29 INT nene "Gy
PQINT USIMG "Sy "
PRINT USING “CX
IMPUT Sym
ORINTER IS 7@E
PRINT -PY QI"
I Symm| THEN PRIMT “CMs~

IE Sym=2 THEN POINT “SM+"

IE Symw3 THEM PAINT -"GMg~

IF Md. ! THEN

€09 I=] TO ‘Md-1:

EMTER 2F:la;va (a

NEXT I

EMD IF

EQOR =1 TO Npa:rs

ENTER @F:l=2:Ya Xa

IF [=! THEN QI=vYa

IF I=Npairs THEM Qleva

[F Opo=! THMEN Ya=Ya/Xa

[F Qpo=2 THEN

Q=Ys

YauYa/Xa

(a=Q .

ENO IF .
IF Na<X!l THEM Yll=va

[F Xa>Xul THEM NXuleXa

IF lun=i THEM

IF Qpo«l THEN Ya=Xas1.8

IF Qpgg @ THEM vYawyge 1761

[F Opo=@ THEM Yawvae 317

[F Cpoe2 THEN XaeXge 317

END IF

X=LGT/Xa/Xmin)eSF .

(=LGT(Ya/Ymin)eSty

Xj=0

CaLL Symb(Y .Y Sym Iel Kj)

5070 19270

IF Sym>3 THEN PRINT ~SM°

IF Symc4 THEN PRINT "SR 1.4,2.4°

I[F lcl=@ THEM

PRIMNT “PA" X,Y,""

-
LT IV ) S ST )

e

at "

Qight-si1de-yp ‘rian
"7 Up-side-dsun triang

3
— ()

ELSE

PRINT *ga* Y ¥, "on-

3V

IF Sym 3 THEN ORIMT "SR 1.2

. "
1F 3yme=d THEN OBINT “uC2 1,992, ,
IF 3ymeG THEN PRINT "UC3,2,29,-3,-6,-3,5,3.5,3,
IE Sym=G THEN PRINT *UC8 5.3,99,3,-9,-6,9,3,9:"
IF 3yme? THEM PO[MT “UC3 -S.3.99,-3,3.,5.3,-3,-9
NEXT T

earnT oy

geso

INPYT “MWANT T0O 1SBEL? (1av 3en:" Tlab

1€ flgnae! Tuen

eorMT tgpR; 3R

3ezo

1€ v igpay ruch
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? 1lak=9

¥1abedC

IMPT "ENTER [MITTAL ¢ v LOCATIONS" (lab ,/lab
YtiwY!an-C

thhwylaneg

POINT "SR ) 1.5

POINT “SM:PA" (tt Vit "LS8 ~ Hepat F.la*

? sitevis-3

OQINT "PA" xtd veb 18

IF Symel THEM PRIMT “SMe-
1€ Symel THEM BEIMT “GMs*
IF SymsI THEN POIMT “SMp~
Klab=t

MO IF

Q
-~
-

flusx Mame”

V=t

SALL Symb(Xlab,Ylab ,3ym [zl ¥}

PRINT "SR ! 1.G;5M"

[F Sym<4 THEN PRINT °“PR 2.,0°

9€EP

INPUT “EMTER BOP" ,800

[F Sag<1@ THEM PRINT °*PR 2,Q:L8":8ap:i°"
IF Bop>9 THEN PRINT "99 & 2:L8":80pt""
Inf=Q

[F Q1:Q2 THEM [hf={

I[F thfed THEN PRINT °“PR 4,0:.81nc"

IF Ihf=t THEN PRINT “PR 4 2:.80ec"
PRINT "P9 2 @:L9":0_*:le8:""

PRINT “SPO;SP!:SR 1.§,2"

YilsbheYlsh-§

END IF
geer
ASSIGN ?F:
Xll=xlls1,
Xul=Xylel.
5070 9040
END IF
BRINT "oy S§M”
ggeP

[NPUT "WANT TQ PLOT A POLYNOMIAL (laY B=M}?* Ga_an
IF Go_on=! THEN .
accp

-

PRINTER 1S 1

PRINT USING “4X ,""3elect line typa:"""
PRIMNT USING °S¥,*"2 Sol:d line"""
PRINT USING "§¥ ™! Dashed*"*
PRINT USING “8X "2, & Langar line - dash'""
IMPYT fon

PRINTER [5 70S

Qgee

TMPYT “SELECT (QeLIN 1L 0G/Y Y1) Tlag
Iprmiel

TALL Caly

1282 o=

2 IE [#4ed THEN

SEEP
[MPUT "ENTEB 1uUMBED OF €ILET TH IQ[M?" Mjaun

Q@ END TE

1,2:7=9
[E 18 M g1 THEN [ 5 nw)

IF 1520 28 [s:iee) TREN
3 €29 ;.0 TN T
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L]
(S

D €3 WO 10 W D W
3L IO

18 - = = e
D (D 10 (D0 D W
- (» 10 (0 -

L
<
L3

20222
22229
2240
22e¢€2
220cQ
22379
-2e90
22099
20129
29110
22122
29129
20140
23150
20152
29179
2013@
22192
<222e
2929
<eile
<9230
20240
29252
2e2ce
29272
22290
29299
23300
20310
201l0
29220
20340
22359
20isQ
28370
22380
22399
EYe ]
22419
192422
22420
22440
22452
22469
22470
221499
22430

uuuuu

.....

2S48

Qatl; =@y [ 400
NEYT T

Tfmmlfnel

END IF

IE Mjzr~=lfn THEN
€00 1= T2 I

9/ 1) a8el ;2 MjaLn
Qa( ;=2

MENT I}

I2na

SLSE

G0TN '9c@2

gNp IF

ogep

[NPYT "ENTED ¥ LOWER AND UPPER LIMITS®, /ll,Yul

EQR ¥Yx=d TQ Cx STEP C./20QQ
NamXmine!1B3 Yz

IF XacX1l OR Xa>Xu! THEN 29392
lcne=lcn+l

Pu=@

IF lane! THEN ldf=lcn MOD
IF lpn=2 THEN Idf=lcn MOO
[F [pn=3 THEN ldf=fcn MCO 9

IF [pn=d4 THEN Idf=[zn MOO (S

I€ lan=S THEM ldf=lcn MOOD 29

IF [4¢=1 THEN Py=l

IF Npa=@ THEN Ya=FMPsly(Xa}

If Opce? AND [log=2 THEM Ya=Xa/FNPsly(Xa!
IF Dpo=? AND Ilog=! THEN YseFNPoly!Xa}

IF Qpo=! THEN YaeFfNPa]y(Xa)

[F Ya<Ymin THEM 20390

IF va.Yll OR ¥Ya vyl TuEM 22390

IF lune! THEM

IF Npo:l THEN XaeXas!'.8

I€ Opo.D THEM rasYas 1761

IF Opo=d THEN YawYase 317

IF Opo=2 THEN XaeXse. 317

ENO IF

Y=LST({Ys/Ymin}sSfy

(=LGT(Xa/ Xmin}eSfx

[F Y(@ THEN Y=0

1F Y 10@ THEN G0TO 22390

IF Pu=0 THEM PRINT “PA" X Y, 'PO"

IF Oy=t! THEN PRINT "DA" X Y "0y~

ME(T Xx

PRINT "oy~

G0TO 19600

END IF

gece

12

INPUT “WAMT TO PLOT QEILL¢'S DATA? (1=¢ QJ=N:"

IF Npe=d 0R Ogc=1 THEN
(ll=3

Yy lel2

gMC IF

T€ Ngoos=) TuEW
(11=1300292

vsl=roeece

eEnNp TE

16 feal, =1 TWCY

/11=290
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2083T)

v I3

JQes2

2¢72
29g8¢
20g32
leg2e
22619
29822
-esse
29640
2esce
22652
22579
22699
2e63e
20720
20719
29729
29730
29749
2275e
22760
22770
20790
29739
lag9ee
2991@
29929
legle
9940
20982
Q283
22872
20920
22999
209e0
20919
20920
20939
20942
22952
20952
20972
29990
22999
2'00@

21210

21e22
21329
210492
21252
2'3s82
21372
l1e92
21299
2120
AL, )
Tz
I
:ll!@

ful=Te

ggee

[NPT "EMTER LOUES JINQ !PPER] y-LIMITS FOR PLOTTING" Ll vyl
CNR v,=d TQ C. 3TE° C. 279

faa{mine!Q (-

IF Ya X!1 08 (a. ¥yl THEN 20722

1=L2G(a)

IF Qpge@ TUEN Y]=-2 S4QIFITE-t&(1s(d . I7201C1-1]1<2,5134797E-)
IF Qogmwl THEM Yl=-2 G4@IQI7E-1+/1s¢2 A7221G1 =17 C134797€~1"
IF Opg=l THEN Y]=-3 7077801E-1+(1e/3 73891326 -1-1(+5,9278242€E-73"
YamEYDBIY] )

Vel GT/ 7a/YmineSFy

Xol GTiXa/ ¥mn2eGF.

tou=d

IF vivll THEN Ipu=l

1€ v vyl THEN G0TO 29720

1€ Inu=2 THEN PRINT “Pa" ¥ vy "PD*

IF Ipu=! THEN PRINT "Pa" X Y, *Py-

MEXT ¥«

PRINT “Py~

END IF

9EEP

INPUT “WANT TO PLOT ROHSEMOW CORRELATION? (1=Y QeN)* [rohs

IF Irohs=] THEN

¥ile!S§

Yyl=2Q

9EEP

INPUT "ENTER Tsat ‘Deg C'° Taat
Ca’=.0040

SEEP

INPYT “ENTER Csf (QEF=2 304" Csf
TéaTgaats2

FAR Y<#? TQ Cx STED C./290
Xa={mine!10"Xx

[F XacXll QR Xa~Xu! THEN 2!'179
¥1=L05(Xa?

IF Opo«l THEN TfeTgat+¥a/2
Rho=FNRha!( T?F?

BNV TS

Mu=EMMy(T#)

Ca=FNCpg(T#!

Hfg=FNH#g(Tsat !}

Ni=My/Rho

PreCgeMu. K
Omega=CafeHfg/Tas( !l B14713,81e00e " S/ (MyusHFQ (1 /3 ePr 1.7
[F Qpee? THEM Yas(Xa/Omega) 2

I Qpo=! THEM YawiZl3/Nmega’‘3’Ya

I Opo=l THEN vawYa (I./3)/Qrega

[F Qpc=l THEN

TPceTgats a/Yas €

I€ ARSI Tr-Trz). .21 THEM

Téai TFaTF- e B

zQT7 22972

eEMp e .

N0 TF

‘a 3T/ varimineSE,

el 3Ty tmyn e 5f

[

e st THEN [yt

f€ ¢ vyl THEN L s |

=~ mR
Ll
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2V1ED I Iagwd TUEM S0IMT 'Bar v 4 "C0O¢

21160 IE Tous! THEN GAINT “BA- ¢ ¢ "oy

21170 NEYT (.

21189 saINT vy

11139 gup IE

21200 Qeg°

212109 INPUT CUANT TO MIT rav O=N2 gt

21222 16 Igemr THEN 12210

21229 50TQ 19552

21249 POINT Py Pa 2,3 3PQ"

21282 3USEMC

21252 SUR SumbiX,VY Sym, Izl K 0

21270 IF Sym.3 THEN PRINT "SM"

21290 IF Sym<4 THMEN OQINT "SR 1.4,2.4"

21299 vad=a

21300 IE ¥;e! THEN Yade.8

21313 {F T2]1=0 THEM

21329 OQINT *PA" X ,Y+Yad, "®

21339 ELSE

21340 PRINT *PA" X, Y+Yad,6"PD"

21359 SNO IF

21360 IF Sym:3 THEM PRIMT "SR !.2,t.8"

21379 IF Sym=d THEN PRINT “uC2,4,99,2,-9,-4,0,0,9,4,0:"
21390 [F Sym=S THEN PRINT "UC3,2,99,-3,-§,-3,6,3,5,3,-6:"
2139¢ IF Syme§ THEM SRINT "UC@,5.3,992,3,-2,-5,2,3,9:"
21400 IF Syme7 THEN PRINT "UCQ,-5.3,99,-3,3.56.2,-3,-9;"
21410 IF Kj=i THEN PRINT “3M:PR 9 -,9°

21429 SUBEND

214320 sU8 Purg

2144@ 9€EP

21458 INPUT "ENTER FILE NAME TO 9E OELETED" ,Filas
21460 PURGE Files

21470 50TQ 21449

21480 Supenp

21430 SUB Tden

21508 20M /Cz/ Ct7)Y,Ical

21510 OIM EmfC 1}

21520 DATA 9.12996991,2S727.94369,-767345.3295 78025595, 91

21520 DATA -9747496599 ,56.97599E+11 ,~2.56192€+13,3.94079€+14
21540 9EAQ Ci»

21850 BaeepP

21560 [NPYT “GIVE A NAME FOR FILE TQO 8E CREATED" ,Files
2197Q gesp

21580 IMPUT “SELECT TUBE (Q=WH, !=HF 2=WT)" Ttt

21599 9Eece

J18@0 INPUT "ZELECT THESMOCOUPLE TYPE (Q=NEW ,!1=0LD'" Izal

J1S1Q@ IF 144 2 THEN D:= 9127

21629 CREATE QCAT F:le® 1

21820 ASSIGN ¥ ile TO Cilas

J1849 QUTPYT AF(las It

J18C3 =9

2156Q 9gEP

21T IMPUT “ENTER MOMTH, QATE AMO TIME (MM:O0:MM:MM:G5)* Datad

218821 0UTRPUT TR9;:°TO" ;D3sas

21899 QUTRYT T29; 1O

J'TAQIENTED TA9:03ta8

21719 99[INTER

170 fPRIMT
:D!l,r

Sy =

15

Manth date 3rd time: ":Datad

274

ooyt
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I1TEQ OOIMNT HSINE 1IN, Ems Tin Te. Vw2 Tam=pg """
21760 1€ La) TUEM

24770 SQIMTER 15 TM

21790 earyT

21792 e/INT Mznth, dats 2ng time: “:Datad

2120Q T leesd TUEM POINMT DZIME C!1QY, ""Tube T,cae Uisland Zmocoth
201313 IF Tisat TUEM 90IMT IGING 1OV, “Tube T.oe High Flu.*""
21920 IFE fésal THEM PAINT UCING 1AV ""Tybse Tyge: Turhg=8°""
21932 eoINT

27840 PRIMT USING “12X,"" Fa=s Tin Te. Vi "2 Tdrzg™""
219S2 SRINTER IS ¢

218690 Het

21979 END IF

21380 SEEP

219923 INPUT "ENMTEQ FLOWMETER AEADING™ ,Fms

21800 QUTPYUT 7@Q: AR AFQ AL4 YRIC

21912 FOR L= TO 4

21923 2YTBYT 7P9; TAE SA”

21932 [F L:Q ANQ L<4 THEN 22010

21940 S=0 .

219S2 FOR [-@ TQ 9

213508 ENTER 799:¢€

21970 S=S5+&

21999 MEXT [

21998 [F L=Q THEN E=Ff'3=ABS(S5/10) |

22200 1€ L=4 THE - (1)=aRCIS/10)

22219 NEXT L

22922 QUTPYT 77 AR AF20 a 29 URt-*

220209 QUTOUT 7@9:"ac ca”

22242 €4 9

22QS@ 2R (=2 T0 9

22960 ENTEQ 799:£%

22070 Eto=Sip+Es

22280 NEXT [

2229¢ Eip=Eig/1Q

22102 TineEMT gv(Emfll}Y

22112 TavsFMTvaw(EmF(D}}

22122 Grad=37.9963+.104399Tin

22133 Mdot=3,9657E-3+Fma e (3. 519CCE~3-Fma+(9,.32208E-§-Fmss( 1 23639E-T7-Fmavd . 31297
E-12'))

22140 Vw=Mdot/(1008sPI+(12)e4

22150 Tdrap=Eige! E48/(10%Grad’

22182 POINT USING "10OX ,3/00.00,4X},1X,2.00,4X ,M2.40":Fms ,Tin Tev Vw2 Tdrep
22170 QgER

22132 INPUT “WANT TO ACCEPT THIS DATA SET? (1w=yY Q=M)" Ok

22199 =l

22222 IF Qk=@ THENM

2221@ I=I1-!

22222 5070 21999

12233 ELcE

222302 QUTPUT RF.le:Fms E=fle: Bt

227S@ SQINTER [S T

27280 PRINT USING (1AM 3(DD.00 3¢, 1, 2.00,1X M. 10" :Fms ,Tin Tev w2, ,Tdr2p
22277 eeINTER fg !

22299 Bgg=P

22299 IMPUT CulLL THERE 3E ANQTHER DATA ZETIT /)av QepN}” Go_in

212222 IF g _sne TUEM 21660 .

AR R -1 I

gl
et

AE3IIGH . 1e TO .

)i

2otyTER 1T “o




22212 el

222
22360 PEINMT UGIME "tA¥ “CHQTE: M 77 "t data 3yels are 3tcred o fils " TEAT
11al

22283 poNTER 15 !

33372 susEne

22332 sSug Ueoprd

22299 BOIMTER IS !

22100 ggEP

22417 IMPUT “Enter Yo Fils Mame™ File$

22129 osce

22133 IMPUT “Mumber of Data Runs” Mrun

22440 INPUT "0z You Want 3 Plot File?(!ay QN7 Izlct
32452 QeEp

J24ag@ IF I
22479 [NPUT
22180 CREATE
22499 ASSIGN
22529 €M IF
22€12 PRINTER IS 70!

2282Q PRINT

22522 PRINT

22549 PRINT USING 19X ,*" Yater Ysl Uag""”

22S5@ ASSIGN 2File TO Files

J2E5@ [ [plct=! THEM ASSIGN @®Filel TO P_files

22879 EOR [«! TO Mrun

22539 ENTER 2F:ilailuy Ve

22692 IF Iglot=1 THEN OQUTPUT #Fils!;Vu Us

22500 PRINT USING “1S¥,0.00 §X ,MI.30E":Vw Uo

22610 MEXT !

22820 ASSIGN 2File TO »

22£30 ASSIGN Q9F:ilet TO »

27642 PRINT USING "109X,"“NOTE: "* I *° dats sets are sicred in file "7 1SA°
n,Filss

226892 IF [plot=! THEN

22660 PRIMT USING “1AX,""MQOTE: *" 11 % X-¢ Pairs are stored in file "7 1SA7
n,B_files

22679 €MD IF

2259@ PRINTER IS !

226899 SUBENMD

22700 SUB Select.

22713 COM /lde/ ldo

22729 BEEP

2273@ PQINTER IS |

=) TUEM

1@ Plat File Mama™ ©_f:le®
AT P _f:1e3 1

Plot TO P_files

227430 PRINT USIMG "4X " "Selact apiion:*""

2276Q PAINT USIMG "EX,"" @ Taking data or re-processing srevious data”"”
227CQ PRIMT USIME "X " ! Plastt:ng data an Lzg-L3g "~
22770 PRIMT USINE "BX,"" 2 Plattirg data on Linear™"”
22790 PRINT IISING "§X, " I Maks zross-glot zcefft Ffile'"”
22799 00 IMT USIMG "8} ,"" 4 Qe-z2:rzulate uater "

27992 SRINT USING “S(,"" G Ourge’"”

22919 9QINT USING "SX,"* § T-Oreg czarrection™"”

22922 POINT USIME "8, '" 7 Orinmt g Cile""

22920 POINT USIME "8Y " 2 Mad:ify, (-Y file”"”

272248 SOQ[MT UEIME 'Sy "t 9 Mouet T

229€2 9QINT SINE ‘E¥ 19 Cimb/Sieug””

22982 NPUT [2a

22377 IF l4zsed THEM JALL Main

“"39:3 tc !—:—l .’usrl .:;ll DV as
12370 IF Ia4g=l TUEM CALL 91n
1I90Q 1E fdmal TUEM ALl Coed

121

iy [ad¥)

s My




I2712 1€ [ama1 THEN TALL Main

23922 IF ldp=C THEN CALL Ourg

22322 IF ldp=S THEM CaLL Tden

22940 IF Idgp=? THEN CALL lzgrt
229S2 € Id4p=9 THEM CALL (,mod
22%6Q IF [do=3 THEN CALL Mcue

22979 IF ldee='Q THEM CALL fComb
227382 3suUBEND

22392 3UB Uymcd

J2@00@ PRINTER IS |

23010 Q9gEP

23322 INPYT "ENTER FILE MNMAME" Ciles

23030 ASSIGN 2?F:ile! TO T las

23734Q 9EEP

232€9 NPT "ENTER MUMBER NF Y-v PAIRS™ Np

22Q€9 acep

23379 [NPYT “ENTER MEYW FILE MAME" Filals

23289 CREATE S0AT Filels,S

2309@ ASSISN AFLlel TO Filels

2310@ SESP .

23110 INPUT "ENTER MUMBER OF X-Y PAIRS TQ BE DELETED" ,Ndel
23120 IF Ndel=0 THEM 22!S5Q

23130 FOR [=1 TO Ndel

23140 Q€€EP

23159 INPUT -“ENTER DATA ZET NUMBER TQ BE QELETED" ,Nd(l!
231682 NEXT 1

23173 FQQ Jet TO Ne

2319Q ENTER QoFilat;, Y

23199 €0R I=1 TQ Ndel

23229 1F Md!(1l'=] THEN 23240

33212 NEXT I

23223 QUTPUT 2F:ilel;X,Y

JI33@ PRINT ] .,X Y

23240 NEXT ]

23352 PRINTER [S 70!

23250 ASSIEM 2F:ilel TQ o

22270 ASSIGN 9File2 TC

23298 sSugeMD

23790 SuB Move

2330Q) FILE MAME: MOUE

23310 :
23322 OIM Bop!iS6! ,A(SE),9(68 ,C(66),0(668),E(88) ,F(86) ,5(86" H(88",J(66? K(BE L(
S6),M(SE!

23330 OIM Tolas(56:(14] N(GB? Ur(66),1r(S6)

23249 8eEP

22382 IMPUT QLD FILE TO MCUE" ,02_ftlas

J338@ AGSIGM 2 led TO D2 _¢1]e3

23379 ENTER 2F:lel:Mrun Dates Ldtct ,Ldtcl, Itt

23392 FOR I=t 7D Nrun

27299 ENTER QF:le2:8cpt ), Tolds I

27409 EMTER AF 11e2:ACT ) BCL) CLIN 000y S0y FO0Y GOy HODY,JCD) KODY,L0DY MOIY N
S

22412 EMTED 2F:lelitrf ) Imt D

27120 MEYXT !

22420 ASSIIGN 2F:1e2 TO .

224492 geEEP

1I4S0 INPUT "SUIFT DISK AND MIT COMNTINUE™ d)

234€Q 9ECP

22472 tmeuT ImpyT QRAT 3IIS° Size

22199 ZTPREATE 30AT O f.lag G::e

.....
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23422 ASSIGN @Filat TO O2_filed

23ISE NYTPUT @Ftlat MNrun Dated Lddzt Ldicl
23510 FOR I=l TQ Nrun

23522 OuTOUT AFilet;Qapi ) Taldsi])

23539 OUTEPYT Filel ALY B CC1Y DY BCTY FOLY GOLY HETY JOEY KOD) LCLY MOT),
MDY

23542 QUTPUT 4F:iletyri 1) (r! )

23822 MEXT |

238EDQ ASSIGM M ilst TO -

22ICTAI REMAME “TEST TQ 0O filee

22599 g9EEP 2020, -
27529 9€EP 41220 .
231632 QEEP 40229,.
23519 PRINT °"DATA FILE MOVED®

23629 SUBEMD

23620 SU8 Comb

23540 FILE MAME: COMB

i i3-1 1

23668 OIM SmPt12)

23679 S€ecP

23689 INPUT °“OLD FILE TO FINUP" ,02_files

23699 ASSIGN ¢Filel TO D2_f1les

23790 D1_filss="TEST"

23712 CREATE SOAT 01_fi1les 20

23700 ASSIGN 9Filet TO DI_ftley

23719 ENTER &Ftlal:Mrun, Dates Ldizl Ldte2 I8t

23743 Mrunm=22

23750 IF K=@ THEN OQUTPUT @F:lel:Mrunm Dates Ldtsl Ldtzl Ite
23768 FOR [=! TO Nrun

23773 EMTER 9Ft122;:80p,To!ld8 Enfie) Vr Ir

23790 QUTPYT QF:la1:80p,Tolds Enfl) Ur Ir

23799 MEVT I

23920 ASSISN 2Filel TO »

239121 RENAME “TEST" TO D2_files

23829 BEEP 2900, .
231339 BEEP 4QQa,.
23942 SEEP 4220,.
23850 BEEP R
23962 INPUT “YANT TO ADQ ANQTHER FILE (ley 3eN)?" Oka
23879 !F Okae! THEN -
23993 vei

23992 Qecp

233008 IMPUT °GIVE MEW FILE NAME® Nfiles

23910 ASSIGM 9File2 TO Mfila®

23932 cQT0 23730

23912 gnp IF

23940@ ASSICN AFtls2 10 -

2395Q SUBEMD

Ise

282 1a

DN FNN]
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